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FOREWORD

The Subcommittee on Radlochemlstry l1ls one of a number of
subcommlittees working under the Commlttee on Nuclear Scilence
within the Natlonal Academy of Sciences - Natlonal Research
Council. TIts members represent government, industrial, and
unlvereity laboratories in the areas of nuclear chemistry and
analytical chemlstry :

The Subcommlttee has concerned 1tself with those areas of
nuclear sclence which involve the chemlst, such as the collec-
tion and distribution of radlochemlcal procedures, the estab-

- lishmient of speciflcatlons for radlochemically pure reagents,
avallabllity of cyclotron time for service irradlations, the
Place of radiochemistry in the undergraduate college program,
ete.

This serles of monographs has grown out of the need for
up-to-date compllations of radiochemical information and pro-
cedures. The Subcommittee has endeavored to present a serles
which will be of maximum use to the working scientist and
which contalns the latest avallable information. Each mono-
graph collects 1n one volume the pertinent information required
for radlochemlcal work with an individual element or a group of
closely related elements.

An expert In the radlochemistry of the particular element
hag wrlitten the monograph, following a standard format developed
by the Subcommlttee. The Atomic Energy Commission has sponsored
the printing of the serles.

The Subcommlttee 1s conflident these publications willl be
useful not only to the radlochemist but also to the research
"~ worker in other filelds such as physics, blochemlstry or medicine
who wishes to use radiochemical techniques to solve a specific
problem. °

W. Wayne Melnke, Chalrman
Subcommittee on Redlochemistry
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INTRODUCTION

This report has been prepared as one of a seriles of
monographs on the radlochemistry of the elements under the
sponsorship of the Subcommittee on Radiochemistry of the
Committee on Nuclear Sclences withln the National Academy
.of Scilences. .

This report is Iintended to contaln informatlon primarily
of interest to radiochemists. However, the increasing interest
of the so-called radlochemlist Iin problems 1nvolving mineral,
meterological, bilological and environmental samples and the
continuilng use of radiochemical techniques by blologists, blo-
chemists, organic, analytical and physical chemists has caused
a rather broad definition of radiochemlstry to be taken. It 1s
hoped that this report wlll be of use to workers in these diverse
- flelds while at the same time keeping reasonably accessible the
data needed by workers deslring to make simple, fast separations
of lead from a few radioelements.

The standard radiochemical procedures for lead are lncluded
and form the basls of most of the detalled radiochemlcal pro-
cedures complled in section VII., . In additlon, a speclal attempt
has been made to gilve information on techniques which have demon-
strated or promise potentlal advantages for radiochemlcal appli-
cation but are not in general use by radlochemists.

Undoubtedly, 1lmportant references and proceduyres have been
left out. Notlflcation of such omlsslons or new techniques for
inclusion in future revisions of this manuscript would be much
appreciated .

I Would like to acknowledge the aid of E. K. Hyde of the
Lawrence Radlation Laboratory in Berkeley, who kindly made his
extenslve file on the radlochemlstry.of lead avallable to the
author at the beginning of thils study and the. perserverance and
perspicacity of Miss Nancy Hughes, who typed the drafts and final
manuscript. . ] .

W. M. Gibson
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I. GQGeneral revliews of the lnorganlc and analytical chemlstry

of lead.

.W. W. Scott (N. H. Furman, Ed,): "Standard Methods of
Chemical Analysis", 5th Edition, D. Van Noetrand Co., Inc.,
New York, 1939.
W. F. Hillebrand, G. E. F. Lundell, H. A. Bright, and
J. i. Hoffman: "Applied Inorganic Analysis", 2nd Edition, John
"Wiley and Sons, Inc., New York (1953). |
E. B. Sand€ll: '"Colorimetric Determination of Traces of

Metals", 3rd Edition, Intersclence Publishers, Inc., New York

(1959).

II. General reviliews of the radlochemistry of lead.

0. Hahn: "Applied Radiochemistry",.Cornell University
Press,. Ithica, New York (1936).
Although not a general review, thls boock discusses much

of the early radilochemlstry of lead.
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Table I
Table of isotopes of lead.
Isotope Half life Type of decay Method of Productlon
Pb19° 17 m ~ E.C. o
pp196 7 m E.C.
pp197T™ 42 m E.C. 80%,I.T. 20%
pp 198 o.bh E.C.
ppt9M 12.2 m I.T.
pb1o? 90 m E.C., BY weak
e . 21.5h = E.C, g 98(q, 2n)
pp2O1M - 61 s I.T. '
- pp201 9.4 n E.C., p* weak  Hg'%(a,n);Hg®%(a,2n)
pp202H 3.62h  I.T. 90%,E.C. 10%
pp2C2 ~3 x 10°y E.C. Hg9%(a,n) ;H8%%°(a, 2n)
pp2O3M 6.1 s I.T.
pp=03 52.1 h E.C. #g2%1(a, 2n) ;721203 (p, n) ;112°3(4, 2n)
pp20iM 66.9 m I.T.
pp 204 stable 1.40%
Pp0? ~5 X 107 ¥y E.b.(no ¥)
pp206 stable . 25.1%
pp207M 0.80 s I.T. ' daughter B1207
pp207 stable 21.7%
- pp208 stable | 52.3%
szz: 3.300 B_(no 7) _ gguéﬁtll 11210(Rac")
Pb=-“(RaD) 19.4 h [2) daughter Pa2l4(Rac)
Pbell(AcB) 36.1m | B” daughter P0215(AcA)
Pb12(ThB)  10.64 hr B | daughter Po216(mha)

Pb2lu(RaB) 26.8 m B daughter Pole(RaA)



- For more completeiinfofmation on the radlatlons of the
lead 1sotopes and for references_to the orlglnal literature,
see "Table of Isotopes"; D. Strpminger, J..M. Hollander and
G, T. Seaborg, Revlews of Modern Physlcs gg, No. 2, paft 11,
April 1958, Lead-210 (RaD), lead-212 (ThB) and 1ead-2;4 (RaB)
and thelr daughters have been wldely used as tracers and-éources.
These 1sotopes are commonly obtalned from natural radium and .
thorium samples, The genetlc relationships of the raaium and

thorium series are shown in Figure 1 and Figure 2.

IV. Revlew of those features of lead chemistry of chiéf interest
to radlochemists.
1. Geﬁeral comﬁents.

The radiochemlsatry of lead has a-history'almost as long
as the hilstory of radiocﬁemistry itself. 'In 1899, three years
after the discovery of radioactlvlity by Becquerel and only a
year a;ter the dilscovery of radium and poloniuﬁ by the Curies,
Elster and Geltal reported that lead'sulphate obtalned from
pltchblend was very actilve (El). Thls was 1nterpreﬁéd at the time
as belng due to actlvity lnduced 1n stable 1eéd by exposure to
the radlations of radlum in the ore and was called "radlolead".
The true 1nterpretation for this resﬁlt and the othér ekperiments
that followed 1t, however, héd to awalt the transmutatlon hypothesis
of Rutherford and Soddy in 1902-1903 but the name “radiolead" was
st1ll applicable.

~The existence 6f convenient radloactive 1sotopes of lead
in the natural serles brought_about thelr early use as indicators.
The first published.account of the use of a radloactlve tracer was
in 1913 when Hevesy and Paneth measured the solubllity of lead
chromate (Hl) by using.ThB (Pb212) tracer. It 1s reported that
an emminently'practicgl application was devised by Hevesy even
prior to thls. The story goes that Hevesy had unconfilrmed

suspleclong about the culinary practlcee at the boardinghouse at
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which he reslded during his early wbrk on radloactivity. One
evening after a repast of the inevitable "stew", he left a sizable
portlon of hils dinner uneaten after spiking 1t with a neutral
solutlon of ThB he had prepared for the purpose. The next evening
armed with an electroscope and a sultable demonstration source it
is sald that HeveBy proceeded to show hls surprised fellow boarders
and embarrassed landlord that the stew was belng recycled in a
.most unforglvable manner. Already by 1926 lead lsotopes were in
use In an extremely diverse number of flelds (H2).

The recent book by Overman and Clark (02) gives a good
review of radloisotope technlques. Thie 18 especlally useful to_
a worker new 1n the fleld as a gulde to handling radioiqotopeg

and planning experiments lnvolving radloisotopes.

2, Metallle lead.

Lead metal 18 a silvef gray metal, soft,.dense and
fusible. In splte of its fairly low melting point of 32B°C it
ls often used as a target for cyclotron, lrradiations at moderate
current densitles. Some care must be taken to provide adequate
cooling, however, since the thermal conductlvity (0.082 at ;OO°)-
1s only moderate.

The physical properties of lead are tabulafed In Table II.
Although lead is rarer than the so-called "rare metals" (abundance
1.6 x 10'3% in earth's crust) 1ts frequent occufrence in slzable
deposits, the ease oflobtaining the metal and the wldespread use
of lead 1n alloys, paints, fuels, pipes and other materials make
1t a frequent contamlnant of reagents, alr, dust and laboratory
glassware and materlals. The problems of preparing carrier-free

samples are discussed 1n a later sectlon of thls report.



Table IIX .
Physical and atomlc properties of lead.

Atomic Wt. ' 207.22
Atomle No. 82
Stable Isotopes _ . 20451.40% ,206(25.1%),207(21.7%)
: 208(52.3% ' :
Melting Point, °C 327.5
Bolling Polnt, °C 1750
Denslity, g/cc . _ 11.34
Electrical resistivity, ohm-cm 21.9 x 10—6
at 20°C

Size of M** 1n crystal, em x 10° 0.84
Tonization Potentials
1st electron _ 7.38
2nd electron - . 14.96

It 18 of interest: for many radiochemiéal'applicationa
that the lsotoplc abundances in a particular lead sample are
somewhat dependent on 1ts history. Lead dérived from uranium
ores 1s principally Pb206'and its density is 11.27 as opposed to
11.34 for ordinary lead which contains more lead-208 than any
other 1lsotope (abundances are shown in Table I).

Leéd 13 eaBlly reduced to the metal and 1s usually
separated from its most common ore galena (PbS) by heating with
scrap iron which reduces the lead. The reduction 1is of.interest
in a number of useful separatlion schemes whlch are discussed in

sectlion IV-10 of thils report. The oxidatlon potentials (Ll) in

acldlc and basic systems are shown below.

Acid solution  pp2ei28 ppit -1.U35 PbO,
Basic solution Pp2e3% ppo=0:28 ppg

2

Lead can be dissolved easlly in dilute nitrilc acid,
but 1s quite reslstant to the actlon of even moderately concen-
trated sulfuric acid. The metal can be dlssolved 1n concentrated
sulfurlc acid and 1s readlly oxldlzed by oxygen 1n the presencé

of weak organic acld such as acetlic acld.



3. Soluble salts. of lead.
The salts of léﬁd easlly solﬁbie 1n water 1lnclude the
nitrite, nitrate, chlorate, bromate, perchlorate, dlthilonate,
cltrate and acetate salts. Although the dlhalldes PbCl2, PbBr2

and PbI2 are only sllghtly soluble in cold H20 thelr solubllity

is increased in concentrated halogen aclds due to formatlon of .
complex 1lons (e.g. PbClu=). Lead hydroxide 18 only slightly
soluble 1n water but 1s soluble 1n acld or alkallne solutlons.
In bésic solutions baslc nltrates are formed which precipltate;
however, 1ln the presence of excess acetate, baslic lead acetate
Pb(OH)02H3O2 is formed whilch 1s soluble 1n basi¢ solution and can
be used to prevent precipitation or hydrolysls of lead in neutral
or weakly basic-solutioné. .

The only oxldatlion state of impertance in aqueous'solu—
tlon ls the +2 state. Compounds of the +4 plumbic ion are well
known but are iﬁvariably unstable or iﬂsoluble in aqueous solutioen.
Due to the domlnant stablllty of the +2 state 1n aqueous'solution
oxldatlion-reduction reactlons are of minor importance in lead
separations and determlnationse. The notable exceptions are
anodilc oxldation to the dloxlde and reduction to the metal either
cathodically or by_internai electrodepésition.' These reactions
have been used.fbr the separation and determination of lead and
are dlscussed 1n detall in sectlon IV-10 of this reﬁort.

The informatlon avallgble (H4), (IL5) and (S4) on the
solubility.of the common soluble lead compounds 1s showﬁ in

Table III.

4, 1Insoluble salte of lead.
. A, Inéoluble saits and gravimetrilic compounds.
The common 1nsoluble salts of lead are summarizgd in
Table IV. Some of these salts as well as.some of the .other lead

salts and organic complex preclpltates are dlscussed below.



Table III
Soluble salts of lead.

Compound Formula ‘Solubllity in Water*
' g/100 ml

_ 1 100
Acetate Pb(CoH50,) o *2H,0 45.6112, 200
Bromate Pb( Br03) o 1. 3820
Chlorate Pb(C103), 151.318, 1718°
perChlorate Pb(C10,), 499,722
Nitrate Pb(NOS), 37.65°, 56.5°°, 127100
Dithionate Pb 8,0¢ 115.020+5

*At temperature In degrees centigrade shown 1n superscrilpt

TARLE YV )
Ingoluble Saltes of Lead

Bolubility in Water®

Faze Formula (s/100m1 E 0 S Eolventate
Bromide PbRr, - ' o.u55u°, o.euu2°, u.711°° a. a,, KBry sl. s. 153; 1. al.
Carbonate PrCO, 0.00011%° © sca., alk foal, NE
Chloride P'bCl2 _0.6730, 0.9920, 3_3#100 8l. s, dil. BC1, R‘H3; 1: al. |
Chromate FBCrO, 5.8 x 10°6(20) 6. a., alk.; 1, se. a., Niy
diChromate . 1='b(!1-20,r - d. 8. &., alk.

Ferrocyanide szre(cm)Gaxnéo i. 8l. 8. 52'50#

Fluoride PbE, - o0.084%° o. HNO,; 1. acet., NR,
Hydroxide Pb(on)2 0.015520, o1. 8.2 5. a. alk.; 1. acet.

Todate 'pb(103)2 0.0012%, 0.003%% s1. s. HROy) 1. acet.

Todide PbI, , 0.0u4°, 0.063%°, 0.412% 6. alk., KI; 1. al.

Laurate PB(Cy 8,10, ), 0.0093° '

Molybdate PhMoO, ’ 1. -g; conc. E, 80,; . a., KOH 1. al.
Oxalate PBC,0, 0.000161B B. nnoa; i. alk.

Oxide FbO 0.0017°° s. HNO, elk., lesd acet., WE,01, BrCl,
dioxide 1?‘])02 1. 8. d11. HC1; el, 8. ac. a.
Or'thophosl;hatqe 1=1:3(1:o,‘)2 0.0000147° 8. mvoa,' alk.; 1. 8o, a.
Belenate P'I:lﬁeo'+ i. ) A. conc, a.

Bulfate PHa0, 0.0604252%, 0.0056%° s. KE, salts; sl. s. conc. H,0,
Sulfide ns 0.000086 8. a.; 1. KDE, al, '
Thiocyenate Pb(8CK) : 0.05%° . KOS, HHO,

Thiosulfate P'I:|3203 0.03 8. 8, NEESon

Tungstate P'tﬂol+ 0703 d. a.; 1, al, )

*At temperature in degrees centigrads shown in superscript.

*#pbbreviations used in the "Handbook of Chemistry end Physica”, Chemical Rubber Publishing Co. have

been adopted



"Lead carbanate

‘Lead carbonate 1s slightly soluble in water, 1s
insoluble in basic solution and 1s soluble in ammonium acetate’
and 1n acld solution. The carbonate 18 frequently formed during
separations by metathesizihg a lead sulphate precipltate to lead
carbonate through heating and stirring the lead sulfate with
portlone of sodium carbonate solution.

Lead carbonate can be precipitated homogeneously by
addition of monoethanolamine carbonate reagent to a neutral -
nitrate solutlon. The monoethanolamine carbonate reagent 1s -
prepared by saturating a 10% monoethanolamine solutlion with
carbon dloxlde gas and adding an equal amount of 10% monoethanola-
mine. Thls reagent has been used to separate lead from copper by
addition of a 1.5% solutilon of the reagent to a neutral solution
of lead and copper nitrates (R2). The lead carbonate precipi-
tate was washed with water contailning a small amount of the
carbonate reagent and subsequentl& dissolved 1n a hot nitric
acid, acetlc acld mixture. After neutrallzatlon the preciplta-
tion can be repeated. The speclifilcity of this precipitation,
"especlally in the presence of acetaté, tartarate or cyanilde

would seem to be worthy of further investigation.

Lead Chlorilde

Lead chlorlde precilpitatlion is not quentitative for
iead under normal condltlons but can be useful for radiochemical
purification of a lead fractlon. It can also be used ﬁb remove
the bulk of a large quantity of lead prior to more.complete
separations. Although sparingly soluble in cold water, lead.
chloride (PbClZ) 1s readlly soluble 1n hot water or 1n dillute,
hot nitrlc acid. This has been used as a separafion from sllver
by precipitation of silver chlorlde from hot nitric acld solu-
tions (H3). Tira (T1) reporté_that the conditlon for maximum

yleld of Pb012 with hydrochloric acld at 20°C occurs at pH 0.5



in lead chloride solutlon and pH 0.03 1n lead acetate golution.
Increaslng the chioride concentration too high results in
formation of soluble lead chlorlde complexes such as Pbci4=.
An excess of ethylenediaminetetraacetic acld (EDTA) .
causes lead. to be soluble in chlorlde solutions (c1) due to
-formation of the very stable EDTA-lead complex. Silver (I) and
thallium (I) chloridés remain I1nsoluble and can be separated
from lead. Mercury (I) also forms a soluble EDTA complex under
these condltions. The presence of citrate also keeps lead from
preclpltating from diluté chlofide solutions. Mukher]li and Dey
have used thls to separate lead from silver (M4). In their
procedure an excess of sodlum cltrate 1s added to the mixture
contalning sllver and lead nltrate. The lnsoluble cltrates of
lead and silver which are at first precipitated redlssolve upon
gentle heating as complex cltrates. Upon additlon of dllute
hydrochloric_écidhsilver chloride preclpltates. Lead may be

removed from the flltrate as lead chromate.

Other Lead Halldes

Lead bromilde and lead lodide are sometiﬁes used fbf
analytical Beparatioﬁs. The dlbromlde 1s sllghtly soluble in
cold water and readlly soluble in hot. The diiodide 1s only
slighfly soluble 1n cold or hot water. 1In the presence of EDTA
in acid solution lead and Bl are not precipltated as the lodilde

whereas silver (I) and thallium (I) remain insoluble (C1).

Lead Chromate

Along ﬁitﬁsthe sulfide and sulphate, preclpltatlon of
lead chromate 1s one of the most popular separétions in lead
radiocheﬁiétry. - This precipitatidn serves as a satlasfactory
separation from 6dpber, zlnc. and other elements that form soluble
chfomafes in gcétic-acid solution. Thallium, antimony, Bismuth
.and bafium aré pfécipitated or carried.with the lead chromate;

however, bilsmuth contamination can be reduced by leaching the

10



preuipitaté with-a dilute cltrate-acetate solution (H3).

Moore reports that from a mixture of lead and bismuth_
chromates all the bismuth chromﬁte and up to 20% of the lead
chromate 1s dissolved by cltric acld solutilon (MS). He reports
simllar results 1f the chromates are precilpltated froﬁ a qitric
acld solution.

_ Addition of EDTA to the acetlc acld solukion causes
lead (and silver) to reﬁain in solutlon upon additlon of

chromate. Thalllum and barlum precipltate (Cl).

Lead Hydroxide

Except in the presence of falrly large amounts of
‘alumlnum or iron (III), lead 1s 1ncompletely preclpltated as the
hydroiide from ammonlum hydroxide solutlons. The hydroxlde 1s
amphoterlc, going into solution in strong alkaline solutions
due to formation of plumbite, HPbOE_, ione. In the presence of
EDTA, lead i1s even less inclined to precipltate aé the hydroxide
or to be carried on hydroxide preclpiltates. Precipitatiqn of
bismuth hydroxlde from & 0.1 N NaOH solution contalning excess
EDTA has been used aB a separatlon of lead and bilsmuth (L3).
Thé lead was subsequently removed from the flltrate by preclpl-
tation of the bilsmuthilol I (2,5<d1mercapto-l,3,4 thiodlazol)
complex. Thils procedure was reported to give > 90% yleld of pure
lead and bismuth 1n less than 15 mlnutes (L3).

Lead Molybdate

' Precipltation of lead molybdate is a desirable method
for lead separatlion 1in the absence of alkallne earths that formf
insoluble molybdates and of substances such as titanium, tin
and blsmuth that are easlly hydroiyzed. This is-sométimes used

as a separatian from barium (H3).

Lead Nitrate

Although lead nltrate 18 usually regarded as one of

11



the soluble salts of lead 1t can be precipitated from coid
solutions by addition of fuming nltric acid. This has been

used as a separatlon from bismuth (Ri), (N1).

Lead Dioxlde

Precipltation of 1ead'd;oxide by anodic deposlition
on a platinum gauze electrode 18 a standard method of separa-
tion and determination for lead (H3). In the standard
procedure the presence of chlorlide lon, mercury, arsenlc,
tellurium, selenium and phosphorus prevent the complete deposl-
tlon of lead, while bismuth, tin, antimony, and manganese
co-deposit. The use of controlled potentlal deposition and com-
plexing agents make thils separatlon method much more gelectlve
(Lﬂ). The electroanﬁlytical method has been important for lead

analysls and 1s dlscussed 1n detaill 1n sectlion IV-10.

Lead Sulfate

The moet common separatlon of iead by radiochemisﬁslis
that based on the lnsolubllity of 1ts sulfate. This 1s aléo the
outstandlng separation method 1n the classlcla analysis of lead
(H3). For complete precipitation 1t 1s necessary to remove
traces of nitrate and chloride lons by evaporating to SO3 fumes
several times. The sulfate is lnsoluble 1n dllute sulfurle
acld but 1s soluble 1n concentrated sulfurlc acid especlally with
heating.

Sl1lica, 1f present, separates wlth the lead sulfate
as does tungsten, nloblum, tantalum, barium and less completely
strontium and calclum. Blsmuth, antlimony and silver.contaminate
the lead to some exteﬁt. The coprecipitatlion of antimony 1s
decreased by addltlon of tartaric acld. Additlon of alcohol to
the sulfate solutlon decreases the solubility of lead suifate
but 1ncreases contaminatlon by sllver, bilsmuth or calcium. The
normal separation based on the sBulfate lnvolves dlssolutlon of

the lead sulfate l1n ammonlum acetate solutlion. Hydroxlde

12



inscluble materlals sﬁch as sllica, or blsmuth are not dissolved
and are removed by flltratlon or centrifugation. Barlum sulfate
1s slightly soluble 1n ammonlum acetate and also tends to
prevent complete dlssolutlon of lead sulfate. If large amounts
of barium are present a barium-lead separation (such as precipi-
tatlon of lead sulfide) should be carrled out prlor to the
sulfate preclpltatilon.

The lead sulfate preclpltate can be made somewhat more
crystallilne and more easlly flltered and washed by homogeneous
precipiﬁation through addition of dilmethyl sulfate. Thelprocedure.
recommended by Elving and Zook 1nvolves preclpitation of lead
gulfate from a solution of T70% methyl alcohol, 28% dilute nitrate
gsolution and 2% dimethylsulfate (E2). This mixture is digested
one hour at 90° with occaslonal addition of a 70% methanol
solution to keep the volume about 100 ml. After coollng In lce
the precipltate 1s then flltered. It ﬁas reported (E2) that good
separation 1s achleved from nickel, manganese, copper and zinc
but thaf large amounts of alumlnum and lron prevent quantitative
precipitatibn of lead.

The EDTA complex 6f lead 1s sufficlently stable to
preVent lead sulfate f;om precipltating under certaln conditlons.
For example, radium sulfate can be separated from RaD(PbglO) by
addition of ammonium sulfate to a weakly acld (pH 4.5-5)

solution containing EDTA (V1).

Lead Sulfide

Lead sulfilde 1s the most_insoluble of the slmple lead
salts, having a solubllity product constant of 3.4 x 10'28. _
Precipitation of lead sulflde from nitric acld solution isg very
nonselective, carryiﬁg not only members of the copper group and
arsenlc group but also thalllum, 1ndium and gallium as well as

gsome vanadlum or tungsten in the absence of tartaric acid (H3).

Alkaline lead sulfide 1s somewhat more selectlve but
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-8t1ll carries a hogt of eléments. The principal contamlnants are
the other members of the copper group, sllver, mercury, blsmuth
and cadmlum as well as ruthenium,.rhodiﬁmsand palladium; It 1s
better to separﬁte members of the arsenlc group by precipitating
the sulfldes from alkallne solution by additlon of ammonilum:
sulflde than by leachling an acld sulflde precilpltate wlth alkallne
solution. The presence of tartaraté during the alkaline sulflde
preclpltation prevents precipitation of a number of elements
which would otherwlse separate as hydroxides, while cyanilde
i1nhlblts precipitation of silver or copper-(HB).. Lead sulfilde
1s soluble 1in concentrated-hydrochloric acld and 1n hot 2N
nltrlic acid.

Moore (M5) reports ﬁhat excellent separation of traces
of lead from small amounts of blsmuth can be achleved by:
adding 0.02 grams of copper to 25 ml of the lead and bismuth in
2N hydroghloric acld and saturating the solutlon with hydrogen
sulfidé:gas. The copper sulfide'precipitate was then filtered.
and washed with 2N hydrochloric acid saturated wlth hydrogen
sulfide. The lead was recovered from the flltrate and bismuth
from the preclpltate. The lead presumably was kept from precl-
pltation because of formation of soluble lead chloride complexes.

Preclpitation of.lead sulfide homogeneously by additilion
of thiocacetamlde has been reviewed by Finston and.Miskel-(FE).
The precipltate forms slowly 1n neutral or dilute acld solutions
(up to 0.1 N hydrochloric or 0.3 N nitric acid). The precipitate
forms rapildly from an acld solutlon made ammonlacal. The'advantége
of the hqmogeneous precipitation 1s ﬁhe prdduction'of a coarse,
crystallinme, easlly filteréd precipltate and reduction of
occluded contaminants (F2). Sepafationé using thioacetgmide _
can be made more specific by the addition of EDTA (F3). Some
cations éuch as cadmium,'cobalt, iron and nlckel fall toupfe—
clpltate frpm ammoniacal solutlon due to fofmatioﬁ of EDTA

complexes. The precipltation of lead 1s delayed. In the presence
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of -tartarate and EDTA 1n ammonlacal solution tin sulfide does
not precipiltate.

.Salarla has descrlbed a number of separations based on
the use of sodium sulfide (S1), (S2) and (S3). Bilnary separa-
tions of . lead from platinum, gold, selenlum, arsenlc, rhenium,
molybdenum, tellurium, antlmony and alkaline earths are described.
In most of these separations lead.suifide is preclpitated froﬁ
a neutral solution contalning excess ammonlum acetate followlng
the removal of the other metal sulfide from hot 6N hydrochloric
acld solutlon by addltion of the NaQS reagent (prepered by passling
hydrogen sulflde gas into sodlum hydroxide solution at less than
5°C). The separations described glve good lead ylelds but the
completeness of the separatlon should probably be checked before
application to radiochemicel_procedures. More convenlient sepera-

tions exlst For most of these mixtures.

Precipltatlion on Ion Exchange Columns

. - Separation of lead from other members of the sllver
group or copper group has been achleved by Komlev and Tsimbalilsta
(K2) by precipltation on a column packed with eilther A1203 or
synthetlc resin well ground wlith the precipltant. The lons to
be separated were either poured onto a 3-4 mm diaﬁeter eelumn
packed wlth 4-5 cm of the dry charge or 1n some cases it.was
found benefilclal to molsten the packed column'mixture'with a
solution of the precipitant before use.

For separation of Eilrer,-lead and mercury a molst

‘column of Al 03 and potassium lodlde was used. 'Seperate zones
of AgI, ngl and PbI appeared. With the copper group (Cg{ cd,

Pb, Bi), A moistened with saturated Na,S or 2N (NHu)éS

150 3
solution was used (K2).

Lead 8- hydroxyquinoline (1ead oxine)

This reagent has been used frequently in the analytical

chemistry of lead but the measurable solubility of the 1ead com-.
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plex has caused 1ts use to be questloned (F4). For radlochemlcal
separatlons where gquantltative recovery 1s not required this is
not a strong objJectlon and the pH dependence of preclpltate
formatlon for many lons makes this a useful reagent. Tablé A
taken from data in reference F4 shows the pH range for compleﬁe
.precipitation for a-variety of lons. Due to the high pH
required to preclplitate lead a number of separations appear
possible. For example, blsmuth, cadmium, cobalt, copper, 1lron III,
manganese, and zinc could be removed from acld solutlon wilith the
lead preclpitating after additiqn of sodium hydroxide. Lead
precipltates as Pb(CgHGON)a. The selectlvity of the
8-hydroxyquinoline precipltatlon can be apparently lncreased by
the use of EDTA ae a masking agent although only a few selected DH
values haﬁe been 1nvest1gated (see ref. C1, p. 210).

Table f :

. pH range for complete preclpltation of
metal B-Hydroxyauilnolates*,

Metal _ PH
Aluminum 4.2 to 9.8
Bismuth 4.8 to 10.5
Cadmium 5.4 to 14.5
Calcium 9.2 and higher
Cobalt 4.2 and higher
Copper (II) 5.3 and higher
Iron {(III) 2.8 to 11.2
Lead 8.2 to 12.3
Magnesilum 8.2 and higher
Manganese (II) 5.9 .to 10
Molybdenum (VI) 3.3 .to 7.6
Nickel 4.3 and higher
Thorium (IV) 4.4 to 8.8
T4 tanium EIII) 4.8 to 8.6
Tungsten (VI) 4,9 to 5.7
Uranium (VI 4.1 to B.8
Vanadium (V 2.7 to 6.1
Zinc 4.4 and higher

*Data from J. F, Flagg, "Organic Reagents Used in Gravimetric
?ndug§lumetric Analysis", Intersclence Publishers, New York
19 . .

Lead Diallyldithiocarbamido—hydrazine

Lead has been found to precilpiltate quantitﬁtively with.
d1a11y1dithiocarbamidohydfazine between PH 5 and 6 (D2). The

complex has the form:
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C3H5—N = C-N%{§F—I = N-C3H5
LA
Because of the pH dependence of the pfecipitation some useful
geparatlons are possiﬁle. Lead and copper have been separated (D2)
by flrst preclpltating the cdpper compléx from dilute acld solution,
then ralsing the pH with sodium hydroxide to the point where the

lead complex 18 preclpitated.

Lead Thlionallde

This reagent can be used for precipitation of ﬁoat of
the elements which normally precipltate from acid solutign with
hydrogen sulfide (F4). The form of the organic molecule 1s:

- N-C—CH2

1
H O SH

Thls reagent can be made somewhat more selectlve than
the normal hydrogen sulfide treatment since many memﬁers of the
"sulfide insoluble" group can be prevented froﬁ precipitating by

-additlion of suiltable masking agents. By preclpltation from
alkallne solution cﬁntaining tartarate and cyanide, lead can be
separated from aluminum, arsenic, cadmium, chromium (IV), cobalt,
iron (III),.nickel, sllver, thtanium (IV), and zine (FM). The
presence of sulféte lons {> 1%) or chloride ilons (> 4%) results

in 1ncomplete lead precilpitatlon.

Lead Plerolonate

Lead 1s precilpitated by plcrolonic acid (1-p-nitro-
phenyl—3—methyl-h—nitropyrazo1—5-one) from neutral or weakly acid
solutions (pH range 2-6.5) as a crystalllne salt, Pb(ClOH7N405)2-
1,5 H20 (F4). The structure of the organic molecule 1is:

i 0 H :

(El )
C-C-NO,
N N=C—
N=C-CHy
NOZ
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This reagent 1s very sensltlve for lead and can be used to
separate and. determine mlcrogram quantities. ILead can be
separated from aluminum, antimony, arsenic, barium, blasmuth,
cadmlum, chromium,_cobélt, copper, lron (IiI), magneslum,

" mercury, nickel, silver and ziné using the following procedure
(F4): to a 1 to 2 N nitric acid soiution of the metal add an
equal volume of saturated thiourea in 1 N nltrlc acld. Upon
cooling to lce temperature a precipitate of 2 Pb(N03)2-
1lCS(NH2)2 separatea. Thls precipltate 1s flltered and washed
with cold 1 N nltrlc acld saturated with thourea. The
precipltate 1s dissolved 1n hot water and 0.1 M picrolonic

aclid 1s added slowly to the bolling solﬁtion.' After digestion
the solution 18 cooled, and the preclpltate 1s washed with cold
water, drled at 130°-140°C &nd weigheé. The precilpltate

cohtains 27.,25% lead. Thalllum interferes.

Lead Mercaptobenzothiozole

Separation and determination of lead in the presence
of up to 100 times as much barium with mercaptobenzothiazole
has been reported (R3). It was found that separation from
barium could be achieved best from an ammonium hydroxlde-
ammonlum nitrate buffer solution The temperature of the
solution and the dilution was found to have little influence

on the results (K3).

Other Organlc Preclpltants

A 2-fluorenyl anolog of cupferron wlth the structure

Q) g
. .f-N—ONHu

which forms a white precipitate with lead from neutral solution
has been reported (01). _ e
At pH 8.9 or higher, lead 1s pfecipytatéd as

PbclH502N by sallcylaldoxime (F4). The structure of the reagent
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Use of a strongly ammoniacal solution permits separation from
sllver, cadmlum and zinc (F4).

Bismuthilol I (2,5-dimercapto-l,3,h—thiodiazol) has
been used to precipltate lead from a O,1 N sodium hydroxlde
gsolution containing excess EDTA.(L3). This has been used to
separate lead from bismuth (la)‘

Lead can be preclpltated from cold, nearly neutral
solution by anthranilic acid (F4). Thie 1s not a ver& selective

separatilon.

B. Coprecipitation of lead.
The copreclpitation behavior of lead has been studied
more_thoroughly and eystematically than almost any other element.
Thls stems principally from the availabllity of carrier free

212) from thorium ores and 1its convenient half 1life and

ThB (Pb
decay characterlstics which lead to 1ts wldespread use in the
study of the chemlcal behavilior of unweighable amounts of radio-
actlve specles. Most of these studles were carried out in the
period between l905 and l930-and are summarized by Hahn (H5).
These studles led to the precipitation rule of FaJens, the
"Fajens-Paneth preclpltatlion and absorption rule" and finally

to Hahn's precipitation and absorption law" sometimes referred
to as the_"FaJens—Paneth-Hahn Law"._ These studies which are
essentlal to the understanding and manipulation of any oarrierf
free material in aqueous solution indicated that in cases where
the tracer material forms a mixed crystal wlth the carrier
precilpltate thenethe lower the solubllity of the compound formed
by the radloelement wlth.the anilon of the preclpitant, the

greater the amount of the radloelement carried down as catlon.
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In thls case the separatlon 1s pracﬁically 1ndependent of the
condifions of precipltatlion. On the other hand, 1f the process
la an adsorption phenomens, then the sepgratibn depends markedly
upon the conditions of precipltation. Both of these cases are,
of course, strongly affected by the pfesence of complexlng
specles In the solutlon. Most of the materlal in thls sectlon
18 taken from Hahn's book (H5) although a few more recent
observations are included.

The 1importance of formation of mixed crystals iﬁ
coprecipltation phenomena and ltes applicatlon to separations 1s
1llustrated by the behavior of carrler-free lead in the presence
of barium or radium halides.' Both PbCl2 and PbBr2 crystalllze
a8 the anhydrous salt 1n the rhomblc system as does BaCl, and

2
RaCl,. On the other hand BaBr2 and RaBr2 crystallize 1n the

2
monoclinlc system. Lead tracer 1is carrled by barium chloride
(Ww4) and radium chloride (H5) but 1s not carried by barium
bromide (W4) or radium bromide (H5) precipitates from strong
hydrobromlc acld solutions 1n spite of the low solubility of
lead bromide. This behavior has been used to separate tracer
lead from radium salts (H5, p. 102).

The remalnder of thls sectlon 18 separated into

three ﬁarts. The first part treaté those cases where the
copreciplitation of lead is elther quantltative or relatively
nonvariable under a varlety of precipltation conditilons (called
precipitation). Most of these cases Invelve the formation of
mixed crystals. The second part treats examples of cases where
the amount of copreclpltation is seﬁsitive to the condltions of
precipltation (called adsorption) and part three considers the
effect of adding complexing agents to the solutlon (called

complexing action).

1., Preclpltation
The behavior of lead with precipltates with which 1t

forms mlxed crystals 1s 1llustrated by 1ts coprecipitation with
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alkall halidés. Although thils system 1s not of partilcular
importance for separatioﬁs the constancy of the partition
coefflcient .under a variety of conditionse 1s 1llustrative of this
general class. The potassium chloride system 1s shown‘in Table -
VI. The partltion coefflclent 1s deflned as the ratio of
ThB(Pbele)/botassium in the crystals compared with the ratio
ThB/potassium in the solution. Simllar results were obtalned with
sodlum chloride, and potasslium bromlde for which the partition
coefficient was about 60 (H5, p. 1l04). In these experiments

the amount of lead was varled from the most carrier-free ThB:

_1Oﬂ) up to several mol per cent of lead.

avallable (< 10
Other =salts of sohewhat more 1lnterest to the fadio-
chemlst which exhiblt the same type of behavior are: bariﬁm
carbonate, barium sulfate, radlum sulfate, radium chlorilde,
radium sulfate (HS), lanthanum carbonate, barium chlorilde, silver
chromate (W4) and barium nitrate (H6). Mercury (II) sulfide,
although not sfudied i1n sufflclent detall to warrant classiflca-
tion 18 reported to carry lead under a variety_of conditions (I2).
Coprecipitation of lead with'mercury (11) sulfide_is especially
useful slnce the mercury can be removed subgequently by sublima-
tion. This 1s accompllished by dissolving the mixéd lead and
mercury sulfldes 1n aqua regla, evaporatlng the eolution to dr&ness,
adding excess powdered sulfur and igniting the mlxture. The mer-
curic sulfide sublimates leaving a preclpltate of lead sulfide
which can be dissolved in nltric acld by dropwlse additiﬁn of

hydrogen peroxide (I2).

Although probably not similaf in the sense of 1somor-
phous 1nclusion of lead; iron (III) hydroxide and aluminum
hydroxide carry lead so effectivelf from ammonlum solution under
such a varlety of condlitions that we 1nclude them here. Lead has
been quantltatlvely concentrated in large raln-water ‘samples by

addlng app. 0.2 grams of alumlnum sulfate per gallon of water,
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© Table VI - :
Coprecipitation of. thorium B(Pb2l2) from supersaturated
solutions of potasslum chloride at 0°C.*

~Per cent 1n the Precipitate Partition coefficlent®¥*

KC1 b212§ThB) D
6.4 81.1 57.8
7.3 82 58

10.35 _ 86.7 : 56.2

14.4 90.5 1 56.8

18.4 92.8 _

Mean. 57

# Taken from Table XVIII, E. 103 of ref. H5.

** Deflned as the ratio Pb2 2/K in the precipltate divided by
Pb212/K in the solution. ' '

adjusting the pH to pH 7.0 £ 0.1 and allowlng the alumlnum

hydroxide floc to settle overnight (K11).

2. Adsorptilon

In this sectlon some of the avallable data'showing the
effect df‘changiﬂg the precilipltation conditions on the cbprecipi—
tation behavior of lead are reviewed. As will be seen the’
fractlion of the lead coprecipitated'can vary from grééter than
90% to less than 1% merely by changing the conditions. This
variability can be a nuisance to the radlochemist, produ¢ing
erratlic and seemingly irreproducible.yields or 1t can be useful
in performing separations.

' Table VII shows the adsorption of Pb2l2(ThB) on
rapidly formed'précipitdtes.of calclum sulfate in'the presence
of alcohol. Table VIII shows the adsorbtion of'P'b212 on sllver
iodide preéipitates.

Effects similar to those showﬂ in Tables VII and
VIII are observed for the adsorption of lead upon preformed
" precipitatés as Indicated by ThB adsorption ﬁpon preformed
sllver lodide (Table IX) and silver oxalate (Table X).
. Simllar results were observed for lead adsorptlon upon
silver phosphate, silver bromlde, silver iodate, silver

sulflde, and mercurous bromlde (H5). The presence of excess
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Table VII
Coprecipitation of PH212(ThB) on rapidly formed precipi-
tates of CaSOy (gypsum) in the presence of alcohol.*

Precipitant . Precipitated o Adsorbed
5% excess of 'H,S0, 91.4% of gypsum - - '‘88.0% of ThB
10% excess of H,80, 93 o ' 85.6
10% excess of H,S0, 100 o 92.2
10 fold excess of 100 o8.4
H2304 : .
10% excess of CaCl2 85.4 : T 5.2
7 fold excess of 100 ) 1.7
Ca012 .

*Taken from Table XVI p. 93 of ref. H5.

Table VIII

Adsorption of ThB(szlz) on silver lodide pre-
clpitated from dilute nltric acid (~.CO4N)solutlon.*

Precipitant Adsorbed

5% excess KI 73.1% ThB .
10% excess KI 76.9
50% excess KI 72.5

10% excess AgNO3
50% excess AgNO3
100% excess AgNO3

N w &~
o oW,

*Taken from p. 93 of ref. H5..

Table IX

Adsorption of ThB(Pb°1?) upon 0.200 gm of pre- .
formed silver lodide from 0.004 N nitric acld.*

Excess KI, millimoles per liter . ThB adsorbed,per cent

0.00 o _ 2.1
0.05 43.9
0.15 . .. 52.9
0.25 57.9
0.80 . . 67.2
1.2 75.2

2.4 , : 78.6
16 8

.0 ' 84,
*From Table XXX p. 140, ref. HS.
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. Table X
Adsorptlon of Thorium B upon preformed sllver
oxalate precipitates in 25 cc of 0.004 N nitric acid.*

A520204 Excess AgNO3 - ThB adsorbed
grams mlillimoles per liter per cent
0.05 0.0 81.1
0.10 0.0 91.1
0.20 0.0 96.2
0.20 4.0 91.3
0.20 12.0 69.5
0.20 16.0 60.9
0.20 32.0 36.3
0.20 52.0 i1.1
0.20 80.0 0.8

*From Table XLI p. 147, ref. HS5.

nltric acld can markedly decrease the amount of adsorption.
For example ThB adsorbs with 97% efficiency on preformed
sllver bromlde precipitates from solutlons containing 0;06
excess potasslum bromlde with no excess nitric acld. The
per cent adsorbed 1s reduced to 40% 1n 0.4 N nitric acid and
to 14% in 1N nitric acid (H5). On merEurous bromide precipi-
tates in a 0.05 N excess of potassium bromlde and no excess
nitric acid 12% of the ThB is adsorbed. 1In 0,01 N nitric
acld the adsorption decreases to 1.5%, 1s 0;5% in 0.10 N acid
and 1s .negligible in 0.5 N nitrlc acid (H5). Hyde and Raby
report that precipltation of MnO2 by addition of potassium
permanganate to a RaD,E,F tracer solutlon to whlch manganese

(II) has been added will carry 47% of the RaD(PbZlO)

wlth no
excess nitric acid present and 7% from a LN nitric acild

solution.

In additlon to the condltlons of preclpitation, the
rate of formation of the preclpiltate can play ah important
role. This effect for the adsorption of ThB on sllver oxalate
and sllver sulfate precipitates 1s shown in Table XI. The
use of homogeneous precipltants such as dimethyl.sulfate
(E2) or thloacetamide (F2) can be of value in controlling

the preclpltation rate.
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Table XI .
Separatlon by adsorption upon rapldly precip-
ltated and Slowly crystellized crystals.*

: Acid Separat- (a)

System Experimental Condiltilons Concentration ing Ratilo

Ag-Pb(ThB) rapid, excess of 0204= ions ' 0.66
oxalate n

rapld, excess of Ag 1lons 0.5 N HNO3 0.12
slow crystaellization . <0.1

Ag-Pb(ThB) rapid, excess of SOM= ions 0.96

sulfate + 0.02 N stou

rapid, excess of Ag ions 0.62

-8low crystallization 1N HNO3 <0.01

*From Table XVII p. 96, ref. HS5.

(a) The ratlo of the percentage preclpitatlion of the
ThB(Pb212) to the percentage precipitation of the
macroscople component.

Table XII
Examples of precipitates which do not coprecipltate lead 1n spilte
of low-solubllity of analagous lead compound.

Amount of Lead Adsorbed

Preclpltate and Conditions or Partition Coefflclent*
(a) Precipitation of HgIp 012

From hot HC1l solutlon into excess 0% ThB( Pb )

water 019

From alcohollc solutlon into water 0% ThB(Pb“—°)

(b) Precipitation of HgpClo
From mercurous nitrate and HCl, heated 0% ThB
From mercurous nitrate and NaCl, heated 0% ThB

(¢) Precipitation of copper fumerate

.From ammonlum fumerate wilith excess 0.2% ThB
Cu(NOg)

From u%NO3)2 with excess ammonilum 2.9% ThB
fumerate .

(d) Precipitation of ammonium halides

at 20°C
NH,C1 D = 0.08
NH)Br D = 0.04
NH4I (at -20°C) D =0.1
(e) Precipitation of RaBr or BaBr from . no adsorption

concentrated HBr solutilion

* The partltion coefflclent D 18 deflned as the ratlo of tracer
lead to macroscoplc component 1n the preclpiltate divided by
the ratio of tracer lead to macroscoplc component 1n the
solutlon. '
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From“the standpoipt of_ach;eving useful separatlons
the precipltates which do not ‘carry 1ead are of almost as much
1nteresf-asuthose that do.. A few precipitates bf interest in
thls regard ere summarlzed 1n Table XII. In all of these
cases the lead 1s not carried in splte of the low solubilify .

of the.analogous lead compounds.

3. Complexing action
Formatlon of soluble lead complexes reduces  the amount
of lead coprecipltated in both of the classés consldered above.
The effect of additilion of chloride lon upon the amount of

212

ThB(Pb®~“) carried on strontium sulfate preclpitates are shown

in Table XIII. The coprecipltation-of ThB on potasslum chloride
Table XITIT
. Adsorption of ThB(Pb2l2) on strontium sulfate precipitates in the
presence of chloridée lons.* o _ ' '

Per Cent Contalned 1n Precilpiltate

KC1 in Solution Sr80y, . ThB
o | . 50 .99
0.1 N 50 o
1.0 N 50 ' 82
2.5 N s . . 30
3.4 N 50 5 to 10

* From Table XIX p. 105 of ref. H5.

solutione of increasing alkallinilty 1s shown in Table XIV.. In

thls case the adsorption of lead decreases as the alkalinity
increases because of the formation of the soluble 1éad.plumb1te'
complex. The stable lead ethylenediametetraacetic:acid (EDTA)
complex has been used to pfevent copreclpltation of lead on silver
or thallium chloride (Cl), silver and thallium lodides (C1),
thallium and barlum chromafe (C1), bismuth hydroxide (L3), radium
sulfate (V1) and.tuhgsteﬁ,;moiyﬁdenum; copper (II),iirén (IIIj;.
aluminuﬁ, uraniﬁm, magnesiu$ or-antimony_(III), 8-hydfoxyqu1nolate

(c1).
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212Table Xiv
Precipitation of ThB(Pb ) by potassium chloride from solutlons
increasing 1n alkalinity.

Per Cent in Preclpltate .

KOH 1n solution : KC1 ThB D
0 . 13 ‘ 90.3 62
0.001 N 12.8 81.3 30
0.01 N 27.8 53.3 3
0.1 N 26.1 1.65 0.6
1.0N : 37 0.45 0.01

C. Pyroiysis

The standard radlochemlcal separation procedures for
lead usually end by preclpltatlon of lead sulfate or lead
chromate 1In whilch form they are weighed to determine the chemlcal
yleld and mounted. in a sultable form for measurememt of thelr
radloactivity.

Lead sulfate, the most commonly used compound for
yleld determlnatlons, can be pfecipitated'frbm nitric acid
solutlon and 1s devold of l1mpurities at temperatures above
271°C (D3). The composltion remains stable up to 959°C. Some
people prefer to use lead chromate as a final preclpltate due
to the high drylng temperature needed for the sulfate. Lead
chromate also has & very long range of stabillity, from'91°c to
904°C (ref. D3, p. 184). The precipltate 1s usually driled at
110-120°C. Because of thelr simpliclty the pyrolysié curves
for lead sulfate and lead chromaﬁe are not reproduced. A
number of other sultable iead compounds are sufflclently stable
to permlt thelr use for gravimetrlc determlnation. The pyrolysils
curves of Duval (D3) for a number.of lead compounds are illustrated
in Figures 3, 4, 5 and 6. The compounds and recommended dfying
temperatures are summarized 1n Table XV. The recommended com-
pbunds are marked wlth an asterisk. Compounds not recommended
for gravimetrlc determination and not shown in Table XV are: lead
tungstate, lead cyanlde, lead vanadate, lead molybdate, lead lodlde
and lead chlorite (D3).
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Plgure 3 Figure 4

3. Pyrolysis curves of lead derivatives. 1) Pbo from the metal.
2) PbO from the oxide Pb02. 3) PbO from the oxide Pb507-3H20.
4) PbO from the oxide Pbaou. 5) PbO from the hydroxide.
6) chloride. 7) Iodate. B) Perlodate. Reproduced from
C. Duval, "Thermogravimetric Analysis", Elsevier Publishing
Co., Amsterdam (1953), p. 463. Thanke 1s given to the Elsevle:
Publishing Co. for permission to reproduce materlal from this

book.

4. Pyrolysis curves of lead derilvatives. 9) Sulphide. 10) Sulphl
11) Hydrogen Dhosphate. ' 12) Carbonate. 13) BPasic thiocyanate.
14) Oxalate. 15) Pnthalate. Reproduced from C. Duval, "Thermo-
gravimetric Analysis", Elsevier Publishing Co., Amsterdam (1953,

p. 466.
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Pyrolysis curves of lead derivatives, 16) Gallic acld compound.
17) Salicylate. 18) Anthrenilate. 19) Dimethylglyoxime complex
20) Salicylaldoxime complex. .21) Oxine complex. 22) 5,7-Dibrome
oxine complex. 23) Plerolonic acid complex. Reproduced fram

C. Duval, "Thermogravimetric Analysis", Elaevier Publishing Co.,
Amsterdam (1953), p. 469.

Fyrolysls curves af lead complexes with: 24) Thionalide.

25) Mercaptobenzcthazole, 26) Mercaptobenzimidazole. 27) 27-Nit:

5-8ulpho-oxine. Reproduced from C. Duval, "Thermograviﬁetric

Analysis", Elsevier Publishing Co., Amsterdam (1953), p. 472.
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Lead Compounde Suitable for Gravimetric Determination.
" are Indicated by an Asterisk.

TABLE XV

Preferred Compounds

Precipltating Reagent Form Weighed An;tﬁi;al Teﬁgzzue
HEydrogen Pvo 0.9283 >946°
Chlorine + Sodium Hydroxide
or Electrolysis Pbo 0.9283 >650°
Hydrogen Peroxide Pbo 0.8662 100-120°
*Aqueous Ammonia Fb(gﬂ) o 0.8589 155-410°
Electrolysels PbO 0.8627 <3h0°
Hydrochlorlic Acid P'bC.{ 0.7450 In the cold
*Todic Acild Pb(10 32 0.3153  <boo®
Hydrogen Sulfilde Pbs 0.8659 5-107.2°
Sulfite, Hydrogen Sulfite PbS03 0.7213 <60° and >900°
or Pyrosulfite
*Bulfuric Acid Pb8O), 0.6832 271-959°
*Potasaium Sulfate PbS0), *Ko850) 0.4339 40-906°
Disodium Hydrogen Phosphate PboP,0; 0.7009 >355°
*Disodium Hydrogen Arsenate PbHA50h 0.5980 81-269°
*Bodium Carbonate 0.7754 Qake®
#*Sodium Chromate 0.6411 9l-g0k°
Agmonium Thiocyenste n(ongcns 0.73L0 In the cold
Molybdophosphoric Acid 5MooHy 3P0 0.5480 >U36°
*Oxalic Acid Pb@goz, 0.7018 50-300°
Sodium Phthalate CoH(C0s) 0.5580 288-320°
Gallic Acild CqHx0 goa;gz 0.7138 <152°
Sodium Anthranilate Pb(07%80211) 0.4322 Q98°
Anthranilic Acid (Ref. Fh) Pb(CrHgOoN) 5 0.4323 105°
Dimethylglyoxime Pb(OZ{) 2P’b01,_H602N2 0.7598 60-88°
8-Hydroxyquinoline (Oxine) 0.4181 In the cold
5, T~Dibromo-oxine Pb(C7H ONBr )2 0.2554 In the cold
Plcrolonic Acid _ Pb(Clo 0 0.2725 58-112°
Picrolonic Acid (Ref. Fk) Pb(ODH g}.jg *1 5Ex0.2720 130-1k0°
*Balicylaldoxime 0.6053 45-180°
*Thioneallde P‘b( 12H10N5)2 0.3279 T1-134%°
*Mercaptobenzothiazole Ehnsa Jo 0.5309 <120°
*Mercaptobenzimidazole Fbogéﬁ 0.5549 97-172°
T-Ritro-5-sulfo-oxine Pb(Cq 1N25)2 0.2778 <u8°
Diallyldithiocarbomldo- ]
hydrazine (Ref. D2) Pb(CgH, oN),S5) 0.4757 105°

Unless noted otherwise the temperature limits shown are from Reference D3.

5. Complex lorns and chelate compounds.

Lead complexes play a domlnant role in 1ts separation

and determination.

The most lmportant nonorganic lead complexes

are those formed with halides and the hydrolyzed coﬁplexes formed

in alkaline solution.

Lead 18 only slightly soluble in dilute acidlc chloride

solutilions buﬁ as the chloride ion concentration increases the

solubllity becomes greater.
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reaches a minlmum at.about 1 M hydrochlorlc acld in sodium or
lithium chloride (D4). Ion exchange absorption measurements (N2)
also show that lead ions become predominantly negative 1n about

2 N hydrochlorlc acld. The complexes formed are probably elther
PbCl3_ or PbClu= or Both. There 1s conslderable other evidence
for the exlstence of these complex lons but thelr stabllity
constants have not been determined. Nelson and Kraus (N2)
postulate the exlstence of a Pb015_3 complex at high hydrochloric
acld concentration in spite'of the usual asslgnment of a coordina-
tion number of four for lead.

The exlstence of a mononltrate complex of lead,

PbNO. ", has been established (H8). That formation of negatively
charged nitrate comblexes does not take place to any consliderable
extent 18 lndlcated by the fallure of leﬁd nitrate to increase 1n
solubllity with increasing nltrate  concentration tsh). The
absence of such complexes 1s also shown by the fallure of lead
nltrate to absorb appreciably on anlon exchange resins from
nitrlec acld of ammonium nitrate solutlons (N2) and by the non;
extractability of lead 1nto diethylether from nltrate solutions
(B1). '

The formation of plumbilte lons HPbOz_ in strongly
alkaline solutlons has already been noted in section IV-4. This -
complex plays an important role 1n some separation processés. A
few other ilnorganic complexes such as the selenocyanates,
Pb(CNSe)a_ and Pb(CNSe)64_ are known (G1)(G2) but haveé naot been
Important for lead analysils.

‘Lead forms complex 1ons.or chelate compounds with
many organic reagents. Some of the ¢omplexes whilch are insoluble
in aqueous solutlon have been used 1n separation processes and
have been discussed in section IV-4. Others produce gquantita-
tive and selective extraction into organic solvents, and
selective adsorption on lon exchange resin, lnorganic exchangers

or on filter_papér. Some act as maesking agents 1n extractlon,
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electrochemical, or precipltation separations. These effects
are discussed 1n other parts of thls revlew. The formation
constantes (or stabllity constants) for a number of organic
complexes are summarlzed 1ln Table XVI. The formatlon constant
is taken as the equllibrium constant for the reaction in which

the metal chelate 1s formed from the hydrated metal 1on and the

Table XVI

Formation Constants of Lead Chelate Camplexes.

Abbreviated Metal Temp Ionie
Ligend Formula Chelate 1oglOK °C Btrength
Tartaric Acid HA MA 291 25 0.l

1:!2A(0H)2 M(m\o)(on)2 ik.s5 25 0.1

Acetic Acid (Ref. B7) HA MA 3.87 25

Citric Acid ‘ Hyh MHA -2,11 25 0.05
MA 5.7 25 0.16
Malonic Acid (Ref. 58) 'HEA MA L.35 25
Phthalic Acid (Ref. K6) HyA MA 2.19 25 1.0
' MA, 3.5 25 1.0
8-Hydroxyquinoline-5-sulfonic _
acid H3A MA 8.53 25 0
Mercaptoacetic acid HA MA 8.50 25 0.15
MA, 7.6 25 o
Nitroacetic acid HA MA 0.14 18 0.6
2-Mercaptoethylamine H2A MA 11.10 25 0:15
Glycine HA MA S.h7 . 25 0
MA, 3.39 25 o]
a-alanine . HA : MA 5.00 25 o
: MA, 3.2k 25 Q
Cysteine Hph MA ©12.20 25 0,15
Methionine H,A MA hho 25 0.15
Aistidice HpA MA 6,84 25 0.15
Glutathione HyA.  MA 10,6 25  0.15
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Table XVI (con't )

Abbreviated Metal Temp Ionic
Ligend i Formula Chelate 103101( °C Strength
Glycylglycine HEA MA : 3.23 25 0
MAQ 2.70 25
Anilinediacetic acid H,A MA 3.4g 20 0
N-Acetamidoiminodiacetic acid HA MA 8.4 20 0.1
'MA2 : 2.2} 20 0.1
p-(N-Trimetbylammonium) _
ethyliminodiacetic acid HyA MA 5.40 20 0.1
N-Methoxyethyliminodiacetic
acia . H,A MA 9.k9 = 20 0.1
' MA, 3.75 20 0.
MACH -10.11 20 0.1
MAEOH -10.72 20 0.1
N-Hydroxyethyliminodiacetic
acld HyA MA 9.41 20 0.1
' MA, by 30 o.1
MACH -8.25 20 9.1
p-Mercaptoethyliminodiacetic
acld H3A ) MA 17.03 20 0.1
N-Methylthicethyliminodiacetic - : '
acid HEA MA - 9.12 20 0.1
MA, 3.36 20 0.1
MAOH -10.44 20 0.1
Nitrilotriacetic acid HyA MA 0.5k 20 0.1
Ethylenediamine-N, N-diacetic
acld HQA MA 12.22 20 0.1
MA2 2.90 20 0,1
Ethylenediaminetetraacetic
acid (EDTA) HA MA _ 18.04 20 0.1
MHA 5.02 20 0.1
1,2-Diaminocyclohexan=-N, . : .
N'-tetraacetic acid H A MA 19.68 20 0.1
) MHA 5.18 2¢ 0.1
Ethylenediamine-N, N'-Dipro-
plonic-N, N'-diacetic acid H’-}A MA 13.2 30 0.1

Unleas noted otherwise these values are taken fram retfcrence Cl..
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most hlghly dissoclated form of the chelating agent.

+1
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An extremely important lead complex 1s that formed
wlth diphenylcarbazone (dithizone). Thils complex 1s used in
lead separatlions and 18 the baslis for the most lmportant

colorimetric method for lead (Bsee sectlon IV-6).

6. Analytical determlnations other than gravimetric.
The interest of radiochemlsts in other than gravi-

metric methods for determining chemilcal ylelds has been
increasing over the past few years. The 1mpetus for this
interest arises largely from (1) a desire for increased speed,
convenience and precision or (2) the desire to work with_very
small amounts of material, (mlcrograms 1nstead of the 5-50
~milligrams usually required by the gravimetric methods). The
determinatlon of the ylelds of constltuents of a mixfure can
also be useful, allowing simple and fast group separatlons to
be performed from complex mlstrues of radloelements followed
by measurement of the groups wilithout further separatlon by
gamma ray spectral analysls or gamma ray and beta particle decay

analysis.

A. Volumetric methods.

According to H1llllbrand and Lundell (H3) the best of
the volumetric methods for lead 1s precipitétion of lead chromﬁte
from acetle acid solutlon, dlssolutlion of the washed precipltate
in hydrochloric acld, addltion of excess potasslum lodlde and
titration of the liberated 1odine with a standard sodlium thio-
sulfate solutlon. Thils procedure has recently been reviewed by
Ryazanov (R2).

Due to the tendency of lead to form stable complexes

with many organic molecules8 a number of volumetric procedures
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in&olving compleximetric titrations have been developed. The
Indirect method bf Vancea and Volusnluc (V2) utlllzes the pre-
clpitation of the phosphate from a lead acetate solutlon in the
presence of a chloroform 8olutlon of dlthlzone. The tltrant 1s
a standard sclution of potassium phosphate. At the equilvalence
point (when an excess of phosphate ion i1s introduced) fhe color
of the chloroform fractlon changes from red to green. The
authors indicate that the method 15 as accurate and reproducible
as gravimetrlc methods. It has little.to offer to the radio-
chemist, however, in terms-of sensitivity or convenlence.

Direct compleximetric titratron of lead wilth 0.0?_g
complexon IIT in the presence pf Erichrome Black T as an.
indicatdr has been proposed (Z1). The equivalence point i1s -
reached when the color changes from violet to bluegreen.

X-ylenol orange and methyl thymol blue have been used as
"indlcators with Trilon as titrant (X4). -After precipitation

of lead sulfate and dissolutlon 1n ammonlum acetate the . indlcator
was added and the solution tltrated. With X-ylenol orange the pH
should be 5,4-5.9 and the color change 1s from violet-red through
pink, plnkish orange and orange to yellaw at the end palnt. With
methyl thymol blue the pH should be 5.7-6.5 and the color change
is from blﬁe through violet, pink to yellow. Elements coprecipl-
tated with lead sulfate are sald not to interfere (K4).

The most sensitlve-and pérhaps for the radlochemist,
the most useful volumetric procedure 1ls compleximetfic titration
utilizing fhe lead EDTA complex. A number of indicators have been
used for the dlrect EDTA tlitration (WS). The most popular of
these are Eriochrome Black T (Cl)(WB), Erioch?oﬁe Red B and
X-ylenol orange (WS). The direct titration with tﬁe éodium salt
of EDTA 1s carried out in a pH 10 buffer solution (Fs)'(F6). Iran,
the alkaline earths and the earths interfere but bismuth,
‘aluminum and antimony do not. Cyanide can be uéed to mask

cobalt, nickel, copper, =zlnc, cadmium, mércury and platihum (Cl).
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The use of X-ylenol gqrange as an 1ndlcator in acld solutlon is
one of the mbst sensltive of the volumetrlc methods, allowlng
microgram quantities to be determined (W5). Care must be taken,
however, due to avold the presence of other heavy metals which
may Intefere. Indlrect methods of titfation using.EDTA have been
proposed (Cl) but these normally lack the sensiﬁivity of the
direct method.

Potentlometric or amperometrlc tltratlions of lead using
EDTA titrant have been used (W5)(Cl). These can be quite
sensitlve but are.not as convenlent as other methods and leave
the lead in a poor state for measurement of 1lts radloactlvity
since a mercury electrode 18 usually used (C1). Milligram
quantltles of lead have been determlned by high frequency titra-
tlon uslng standard solutions of potassium dichromate, and ammonlum
chromate as titrants (M22). This method suffers from inconvenlence
for occaslonal use and leaves the lead 1n the form of a precipiltate.
For routine use such a procedure followed by quantlitatlve transfer
of the preclpltate to a fllter paper mlght be used to avold
welghling errors or to check welghts.

The volumetric methods of determination have been little
used by the radlochemlst and wili probably remaln so. Certaln
speclal condltlons may warrant thelr use so they have beeﬁ

reviewed briefly.

B. Colorimetric methods.

Colorimetrlc determlnations haye been used occaslonally
in the past by radiochemists (Cf. ref. M6, H16). It 1s expected
that as the technlques requiring the use.of very small amounts
of carrier materlal, such as four pi beta particle, or gamma ray
countlng, become more .wldely used, the high sensitivity and
preclsion of colorimetrlc methods wlll become more attractilve tq
radlochemlsts. The riormal limlts of sensltivity for colorimetfic

methods are 1n the range of lO-7 grams although someé methods for
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lead are very sensltlve and allow measurements 1n the range

10_8—10'9 grams to be made (S5). In terms of sensitivity, con-
venlence, selectivity,'and preclsion, spectrophotometric methods
are generally superlor to comparative colorimetry. Also, the
subJectlveness of the spectrophotometrlc determlnation adapts 1t
well to both routine and occaslonal analysis. Therefore, 1in
spite of the higher cost of spectrophotometric equlpment, this
metbod is recommended and 1s the one primarily consldered in thia

review.

1. Dithlzone.

Dithizone 1s the outstanding reagent for colerlmetric
determination of traces of lead. , Thls reagent has attalned
prominence in lead chemlstry due not only to the sensitivity of
the determination but also to the selectivlity wlth which the lead
dithizone complex can be extracted into organic solvents. The
solvents usually employed for the extractlon as well ag the
determination are carbon tetrachloride or chloroform (S5)
although toluene has also been uéed (s6), Carbon tetrachloride
i1s probably to be preferred for thls application. An obJection_
in some cases to the use of carbon tetrachloride Instead of
chloroform 1s the limited solubllity of dithlzone 1ln carbon
tetrachloride. In some cases, however, the absence of a large
excess of dithlzone 1n the organlc phase 1s an advantage. The
use of dithizone.for separatlions 18 diescussed 1n detall in
sectlon IV-7.

Lead dithizonate in carbon tetrachlorilde givés a distinc-
tive red color. The wavelength used for the.determination 1s
520 mm wlth an extlinctilon coefficlent & = 66,500.. The absorptlon
curve for lead 1n carbon tétrachloride 1ls shown in Filgure 7. The
absorptlon curves of dithizone and 1ts oxidatlon product are shown
in Figure 8. It will be seen from'Figure-B that there 1s a minimum

in the dithizone absorption curve at about 510 mu which is close to the
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T. Abaofption curve for lead dithizonaté in carbon tetrachloride.’
From E. B. Sandell, "Colorimetric Determinetion of Treces of
Metals", 3rd Ed., Interscience Publishers Inc., New York
(1959), p. 166. Thanks 18 given to the copyright holders,
Interecience Publishers and to Professor Sandell for permlpelon

to reproduce materirl from this book;

8. Abaorpfion' curves for: A. _dithlzone, and B, 1ts oxidation
product, both in carbon tetrachloride solution. From E. B.
Sandell, "Colorimetric Determination of Traces of Metals,
3rd Ed., Interscience Publishers Inc..(1959), p. 165.

wavelength of maximum absorptlion of lead (Figure 7).' On the other

hand, lead dithlzonate absorbs very iittie 1ight above 600 mu whereas

the strongest absorption'is Ehown by dithlzone at approximately

620 mu. The amount of lead may therefore be measured by thé absorp-

tion of light by_the lead dithizonate  complex at 520 mu (usually

preferred) or by the absorpt;on of 1light by the excess.of dithizone

remalning after the reaétion is.completed. .
Thg.éolubility of dithizope in aqueous 8olutlon lncreases

with the pH of the solution. ﬁhen one works 1n alkﬁline-mediuﬁ

1t 1s pbésible to transfer virtually all fhé excess'dithizone to

the aqueous phase. Therefbre one can extract lead practicaliy

cdmpletély from an aqueoué medlium of pH 11 without extractlng an
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appreciable ‘amount of dithizone ﬁhen carbon tetrachloride 18 used
as solvent (S5). Another frequently used procedure 1s to measure
the Intenslty of thelexcess dithizone absorption at 620 mu and
correct the measurements of the lead complex at 520 hu'for con-
tributlons due to excess dilthlzone.

The presence of thé oxldatlon product of dithlzone can
lead to errors in the determination since 1t adsorbs in part at -
the wave length of interest. Dithizone is oxidized'by ferric
iron, especlally in baslc solution. Free halogens, nitrous acild
or permarganate lon also cause some oxldatlon. The:oxidation
can be prevented in large measure by'adding:hYerXylamine
hydrochloride to the aqueous solution'to bé'extractéd.

It 18 frequently neceéssary to purify commerilcal
dithlzone before using i1t for colorimetric determination. This
can be easlly done by'crystallization'froﬁ'chloroform. The
chloroform-dithlzone solution 1s heated to L0° in a steam of
filtered air (or nitrogen) until about half of the dithizone has
preclpltated (ref. S5, p. 171). Dithizone solutions prepared’
from purlfied chloroform or carbon tetrachloridé can be képt
for several months when stored at UQ°F in the dark (85). " Carbon "
tetrachloride solutions are stabllized by covering with a 0.1 M
solution of sulfur dloxlde in water. _

The final colorimetric determination of lead 1s uéually
done by extracting theé lead from an ammonia-cyanide-sulfite
solution into 0.001% w/v dithizone solutlon in carbon tetra-
chloride, 8 ' .

2. Other colorimetric reagents.

Di-B~-naphthylthlocarbazone whlch forms a distinct
purple complex wlth lead has been used for 1ts colorimétric
determination-(H?). This reagent appears to be similar to
dithizone in its sensitivity. It has no apparent- advantages
over dlthlzone for lead determinatlons -and 18 somewhat harder

to obtaln in pure form.
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Lead can be determined cdlorimetrically by elec-
trolytilc deposition as dioxide followed by oxldatlon of tetra-
methyldiaminodiphenylmethane by the diloxlde to an intensely
colored blue diphenylmethane dye (S5). It may be used for
émounts of lead above 5y. Thls method would appear to have
limited applicatlon. However 1f an electrodeposited lead diloxlde
deposlit 18 used a8 & method of mounting a lead sample for measure-
ment of 1te radloactivity this may be a useful method of subse-
quently determining 1ts lead content.

The absorptlon spectra of the hallde complexes of.
thallium, lead and bismuth have been investigdted by Merritt,
Hershenson and Rogers (M7). The chlef advantage of this method
as far as the radilochemlst 1s concerned would probably be the
poeslblllity of determlning these three elemenfs together, In
gome cases further separatlon 1s not necessary since gamma ray
energy spectra or decay analysia wlll allow adequate measurement
of the 1sotopes of l1nterest. Of the hallde complexes, the chloride
showed the largest separation of the abgorptlon peaks. The
absorptlon curves for thalllum, lead and bismuth from reference
(M7) are shown in Figure 9. A simple group separation of these
three elements from complex mixtures can be made by extraction
into dithizqne from cyanlde medium (see section IV-7). Only
tin (II) co-extracts. The lons can then be re-extracted into
1:1 hydrochloric acld eolution and their concentratlons determined
‘'by measuring the absorbancy at.245 mu for thalllum, 271 mu for
lead and 327 mu for bismuth. Interference from tin can be mlni-

mized by oxildation to tin (IV).

A water soluble chelate complex between lead and
4-(2-pyridylazo)-resorcinol which is useful for the spectrophoto-
ﬁetric determination of lead@ has been described by Pollard,
McOmle and Nickless (Pl). Thelr procedure 18 to add 2 ml of a
0.05% w/v aqueous solutlon of the.reagent plus 10 ml of a pH 10

buffer solution (ammonium chlor;de—ammonium hydroxide). to the
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9. Absorption spectra of 10 p.p.m. biamuth (III), mercury (II),
lead (II) and thallium (I) ln 6 M hydrochloric acid.
Thallium
_—— Mercury
- - = Lead
. T m = Blamuth
From C. J. Merritt, H. N. Hershenson and L. B. Rogeras, Anal.
Chem. 25, 572 (1953).

neutral solutlon of the lead -in a 25 ml volumetric flask. After
dilution_to 25 ml the optlcal density of the solutilion 1s measured
at 530 mu agalnst a blank solution contaihing no lead. They
report that Beer's law 1s obeyed up to filve mlcrograms of lead
per ml. |

Ultravliolet spectrophotometric determination of 1ead
has carried out in perchlorate solutions (I3). Lead shoﬁs |
maximum absorptilion at 268 mu in écid solution and at 240 mu in

alkaline solution. Iron (III), bismuth, antimony and tin and
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various anlons interfere. Compared to the dilthizone system thils
Bystem holds 1little promise analytlcally.

The absorption spectra of lead and bismuth EDTA com—:
plexes in 0,01 M perchloric acid are described by Welcher (W5)
Both the lead lon and its EDTA complex are colorless but: they
showsstrong absorption bands 1n the ultraviolet, 'Unlike_the.
strong shlft in the absorption peak of lead 1lonse 1n perenloric
aoid produced by the presence of various anions (I3) the EDTA
complex shows no such dependence. Maximum absorptiqon for tne
lead-EDTA complex occurs at 240 mu, Lead concentrations.doﬁn
: to'10-6.H can.be determlned. The absorption curves for the EDTA
complexes of lead and blsmuth and of the uncomplexed ilons 1in
0.01 M perchloric aeid are shown in Figure'io. Lead and bismuth
can be determlned simultaneouslylby titrating a mixture of the
ions in perchlorilc acid with dilute EDTA.solution-and measuring
the absorbancy chanée'of_240_mﬁ ultrariolet'light on a“apectro-
photometer (W5). The more stabie Bismuth—EDTA_complex_forms
first followed'by-the'lead complex. A titration curve shoWing

the sharp end points obtalned is shown in Figure 11

_ C. Polarography.

Of the varilous methoda of determination of trace amounts
of material, polography has_pernaps been most neglected by the
radiochemlist. Thils method 1s one of the best for determlnatilon
of the concentratlon of the constlituents of mlxtures combining
high:sensitivity with speed and precisilon. Polarography is also
easlly adapted'to'automatié operation and to.remote handling of
radioactive'soiutions. The.determination ia probably best
carried out on an aliquot}of'the sample with radiation measure-
ment on a separate aliquot. A comprehensive review of the
principles and applications of polarography is available (K5)

The chemical and electrochemical characteristica of

lead are very favorable for 1its polarographic determination
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Figure 10

Absorption spectra of bismuth and lead perchlorates and thelr
EDTA complexes. Concentration of bismuth and lead and thelr
complexes 1s 2 x 1072 M in 0.01 M perchloric acid. From

F.J. Welcher, "The Analytical Uses of Ethylenedlaminetetra-
acetic Acid", D. Van Nostrand Co., Inc., Princeton, N. J.
(1958), p. B3. Thanks is glven to the publishers for per-

mission to reproduce material from thls book.
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Titration curve for simultaneous titration of lead and biErVnutht
with EDTA (0.5 mg of Bl and 0.5 mg of Pb titrated at 240 mu).
From F. J. Welcher, "The Analytical Uses of Ethylenediaminetetra-
scetic A¢ld", D. Van Nostrand Co., Inc. Princeton, N. J. (1958),

p. 83.



The polarographic characterlstics of lead In varlous supporting

electrolytes at 25° are shown in Table XVII.

Table XVII
Polarographlec characterlstics of lead 1n various supporting
electrolyteas at 25°C.

Diffuslon Current

Supporting Electrolyte E1/2 ve. §.C.E., V. Gon;tant
0.1 M KC1 (or HC1) - - .-0.396 3.80
1 MEuCL (or XC1) - - 435 3.86
1 M HNOy _ ' Los 3.67
1 MNaoH .755 3.39
0.5 M tartarate, pH = 4.5 .48 2.37
0.5 M tartarate, pH = 9 .50 ' 2.30
0.5 M tartarate + 0.1 M NaOH .75 2.39 -

Sodlum hydroxlde supborting electrolyte 1s especilally
ugeful for the determination of lead 1n the presence of tin,
antimony and arsenic. 3Stannite lon and arsenlte lon do not
show reduction waves in this medium end the half-wave of
antimonite is 0.5 V more negative than that of plumbite (K5).
Tartarate 18 recommended as & supporting electrolyte for the
simultaneous-debermination 6f cSpper, bilsmuth, lead and cadmium
(K5). The waves are in the br@er listed and are best sepﬁrated
at a pH between 4 and 5 (I4). The polarograms of a copper,
bismuth lead, and cadmlium mixture taken from reference (L4) 1s
shown 1n Flgure 12. Thilis 18 representatlive of the separatlons
observed in lead mixtures. Curve A of this figure.indicateslthe
sltuation 1n the presence of a large excess of copper. As noted
in the caption, most of the copper was removed by electrolysis
and the bolafogram of the mixture 1s shown on curve D. That
the copper electrolysls did not remove significant amounts of the
other constituents 1s Bhoﬁﬁ by comparing curve B with curve C
which 18 a polerogram of an identlcal mixture except copper was

absent 1n -thle case.



<}
o

GALY. DEFLECTION, mm
(s ]
(o]

0 . :
T A e T
Eq.e v S.C.E., VOLTS

12. Polarogram of copper, bisﬁuth, lead and cadmium'mi#ture in a
tartarate supporting electrolyte at pH 4.5. (a) with large

exéeea of copper. (b) polarogram of solution from & at higher .

sensitivity after electrolysis of copper &t -0.13 to -0,16 v

vB. s.c.E. (c) solution containing same concentrations of

bismuth, lead and cadmium as in solution a. From J. J. Lingane,

"Electroanalytical Chemistry", Intersclence Publishera Inc.,

New York (1953), p. 327. Thanks is given the publishers and

Professor Lingane for permission to reproduce meterial from

this book. -

A cyanlde Supporting electrolyte 18 useful for deter-
mining lead 1ln the presence of large amounts of cadmlum because
fhe wave of the lead-cyanlde complex precedes that of the
cadmlum complex by about 0.4 V (K5). Bismuth, antimony,-lead
and tiln mixtures have been determined using a hydrochlorilec
acld-sodium fluorlde sﬁpporting electrolyte (16). The use of an
ammonlacal tartarate soln has been found to be benefilclal for
the simultanecus determination of thalllium and lead (B2).

The sensltivity of polarographlc determinations can

8 M range by applicatlon of the recently

be extended into the 10~
developed square-wave polarographlc techniques. Mllner and Slee
have used this method wlith an orthophosphorlc acld base to

determlne trace quantities of lead 1n monzanlte and in varilous

copper, tin, zinc and alumlnum base alloys (M8).
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Using a mercury plated platinum electrode, Marple

-

and Rogers have devised a fast coulometric method for determina-

tion of trace concentrations of lead down to 1078 M (M9).

D. Comparison of the sensltivity of various
determination methods. -
It 1s of interest to compare the sensitivity of the

varlous methods for determination of lead. Figure 13 shows

x-10 |
1
LITR !
_SPARK /)/‘
ARC
- 13. Graph comparing sensitivity of
. FLAME - determination methods for lead.
.' Various methods are dlscussed
CHEM ) :
] in text. PFrom W. W. Melnke,
AP Sclence 121, -177 .(1955).

TR I 0 = -2

_LOG - SENSITIVITY. (ug/mi)
the results of such a comparison by Meinke (M10). The first
two bar graphe indicate the sensitivity by neutron activation
using a 5 x lOll neutrons/cm_2 sec™ ! fiux (X10) and a 1 x 1013
neutrons/cm'2 gec™® flux (LITR) The other determlnation methods
indicated'are; 'spark, copper spark method of spectrographic '
analysis; arc, graphite D-C arc method of spectrographic analysis,
flame, flame spectrometer analysis with an oxyhydrogen flame,
chem, sensitive color reaction using a one centimeter cell; and

amp, amperometric titration. The high sensitivity of the

colorimetric method for lead 18 apparent from this graph.

f. Solvent Extraectilon
" Solvent extractlion has proved to be .a valuable tool in
radlochemlical and analytical studles of lead. The most widely

used extractlon system uses the extractlon of the dithilzone
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complex 1nto carbon tetracnlorides or 1nto chloroform. The
porpularity of thils msthod 1s due 1n part to the utllity cof
dlthlzone ae a colorimetric indicatvor ior lead. Extrsction of
many other complexes have been studled, some of whicn show
ccnslderable promise ior radlcchemical aprllcation. Twe
reviews of solvent sxtraction by Morrison and Freliser (M1, F1)

have recently appeared.

A. Ton aBaosclatlon sy3tems.™

f\yhe gimple lonlc systems, sclvent extraction cof
the i;;IEE\ia Ehe~moet useful for lsad. Lead is extrscted from
scldic lodide solutions into methyl 1soproryl ketone (W1l){W2).

The elemernts sxtracted irom acldle lcdide solutions with various

solvente &re shown 1n Figure 14, Elements partlally or com-

H : He
L Be - BCNOF N
Na Mg ASIPSClA
K CaScTiV Cr MnFe CoNiiCu Zn:Ga GelAs,Se Br Kr

r—— Lo pmw- -J [

Rb Sr Y 2r Nb:MoiTc Ru Rh Pd AglCd In Sn SbjTeil Xe

Cs BoLaH TaW Re Os ik Pt|As Hg Tl Pb|Bi:Po At Rn
Fa Ra Ac

Ce Pr Nd PmSmEu Gd Tb Dy Ho Er Tm Yb Lu
ThPa U Np Pu AmCmBx Cf E Fm Mv IO2 I03

14, Elements extracted into iodide system. Solid blocks -
appreciably extracted, broken blocks - partially extracted.
From H. Freiser and G. H. Morrison, ~Sclvent Extraction in
Radiocnemical Separations™, Ann. Rev. of Muc. Soience 9, 221
{1959). Thanks 1s given tne publishers and Professor Frelser
for permission to reproduce material from tnis article.

= This classificatilon follows Prelser and Mcrrisan (Fl).
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pletely extracted by methyl lsopropyl ketone are tin (IV)*
mercury (II), iron (III), antlimony, copper, palladium, cadmlum,
rhodium, gold and ruthenium (W1)(W2). Most of these elements can
be removed by a prelimlnary extraction with the solvent from
thiocyanate_or'hydrochloric acid_media. Iron, copper, zlnc,
mercury, gold and pPalladlum are completely extracted as thelr
thiocyanates ﬁhile tin and antimony are extracted as chlorildes.
The prelimlnary extraction can be carried out from. a saturated
ammonium thlocyanate - 5% hydrochloric acld solutlon. By addilng
saturated potasslum lodlde solutlon to the aqueous phase lead
can then.be extracted. Copper and ruthenium extract wilth the
lead. There'is“eome duestion about the behavior of bismuth
through this procedure. West (Wl1l) reports that bismuth 1s
separeted from lead. However, Morrison and Frelser (M1)
indicate that bismuth 1s extracted into methyl isopropyl.ketone.
The extraction of bilsmuth from lodide solutions into methyl
1sobutyl ketone has also been observed (W3). If a bilsmuth
geparatlon 1s desired, this polnt would seem to require further

Inveatlgatlion.

Carboxyllc Aclds

Figure 15 shows the elements extracted from alkalilne
aqueous Bolutlone by carboxyllc acids dissolved in organic
solvents. The solvent preferred is methyl isobutyl ketone.. This
figure 1s from the reviliew of Frelser and Morrison (Fl).' The
detaills of the extractlon are not clear from thils review nor
do the'refereﬁces given glve detalls for extractlon of any
elements except chromlium. From the flgure thls appears to be an
attractive system for lead separations.

Using perfluorooctanoic acid in nitrate and perchlorate
golutions, divalent cations (CaII, MgIlI, FeII, PbII and ZnII)
have been separated from monovalent cations by Mllls and Whetsel

(M2). The extractlon proceeds best at a pH Just below that which

48



H " | | | He
U [Be] : BCNGOTF Ne

NaMa| : AllSiP S Cl A

K |Ca Sc|Tl V |Cr Mn Fe|Co NI {Cu Zn Ga|Ge As Se Br Kr

Rb Sr Y Zr Nb Mo Tc RuRh Pd Ag Cdin|Sn Sb Te | Xe
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15. Elements extracted in cerboxylic acid systems. From
H. Frelser end G. H. Morrison, "Solvent Extrection in Radio-
chemical Separations”, Ann. Rev, of Nuc. Sclence 9, 221 (1959).
would cause formatlon of the 1lhsoluble hydroxlde of the metal of

interest.

Extraction of Contaminanta from Iead

. Due to the fallure of lead to extract 1nto organic
solvents from hydrochloric or nitric acld solutions (W2)(Bl)(F1),
guch systems are useful for removal of large amounts of target
materlal prior to lead separatibn or to remove major actlve
specles to permlt easler and safer handling. Although less
satlsfactory than a selectlve separation of lead these systems
can also be used for filnal purifilcation of lead samples from
certain contaminants. P. W. West and coworkers (W1)(W3) and
T. S. West (W2) have found that copper, lron, zine, antimony,
tin (IV), mercury (II), platinum, gold, palladium and rhodium
can be removed from dilute hydfochloric acld solutions con-
talning an excess of ammonlum thlocyanate by_extraction with
methyl 1sopropyl ketone leaving lead 1n the aqueous phase.

"Thallium can also be removed by adding bromlne water to the
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solution prilor to the extractlon. Two passes wlth the ketone
not only removes the metal chlorldes and thlocyanates but also
removes excess bromine _'

According to figure 10 of reference Fl, bismuth can .
be separated from 1ead in-aoid media:byﬂextraction with;a 0.1 M
solution of either tri n octylphosphine oxide or 2 ethyl n—hexyl
phosphine oxide in cyclohexane

A convenient method for removing polonium from ‘bilemuth
or lead has been patented by Karraker (XK1). The polonilum 1s
removed from dilute hydrochloric acid solutlion by extraction
with tributyl phosphate ether or by a 20% solution of tributyl
'phosphate in dibutyl ether (H9). : '

Thorium, blsmuth and polonlum can he quantitatively
separated from 1ead,(and radium) by extractlon from a saturated
aluminum nitrate solutlon with-mesityl oxide (M3): Thallium
can be separated by extraction -of thalllum IIT into a:solution_
of 5% n-octanol in hexone from 0.15 M hydrochloric acld (r2).

It may be necessary 1n some cases to add an excess of bromine
water to oxldize the thalllum prior to7the'extraction - This
18 a convenlent method for separating lead from thallium target

material

B.  Chelate systems.
Dithizone

Dliphenylthlocarbazone, or dlthlzone,

_ AN
= "N=N-CgHj

has'plaYed a promlnent role 1n lead chemlstry for twenty years"and

5

it 18 not expected that 1ts use will diminish. As noted_in
gection IV-B the senslitlvity of the dithiione colorimetric
method for lead equals and even exceeds that of spectrographlc
methods., Dlthlzone 1s valuable for is01ation of lead from a

large-varlety of mixtures because of the selectivity of extraction
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of lead dithizonate into organic solvents. The llterature.on the
application of.dithizone to lead seperation and determination 1s

extenslve. Only representative cases wlll be consldered 1n this

review.

Dithlzone 1s a velvet-black solid which dissoclves in
most organlc solvents to greater or lesser extent. Carbon
tetrachloride or chloroform are the solvents used almost exclu-
8lvely 1n analytical applications. The room températufe
solﬁbility of dithizone in chloroform 1s about 2 grams per 100 ﬁl
and 1n carbon tetrachloride about 0.05 grams per 100 ml. Dilute
solutions of dilthlzone in both these solvents are green in color.

It 18 usually necessary to purlfy commercial dithilzone
before use (due to oxidation). If a 0.01% sdlutioﬁ in carbon
tetrachloride 1s shaken wlth dilute (1:100) ammonium hydroxide
.and only a falnt yellow color remains in the organic layer, 1t
may be used wilithout further purilflcation. Dithizone purifica-
tion can be accomplished by the following simple procedure (M1):
dissolve about 1 g. dlthlzone per 100 ml chloroform and fillter
off résidue. Extract dlthlzone lnto several 100 ml portlons of
redistilied 0.2 M ammonium hydroxlde. Acldlfy the ammonla
-8olution wilth dllute hydrochlorlc acid, precipiltating the dithizone.
Extract the ﬁrecipitate into a minimum amount of chloroform and
evaporate chloroform 1ln a stream of flltered alr (or-p?eferably
nitrdgen gas). Store reagent in a dark bottle. '

Figure 16 adapted'from the recent review of Iwantscheff (I4)
shows the pH dependence of the extraction of elghteen metal dithi-
zonates into carbon tetrachlorlde. A number of the metal dithi-
zonates bhange from the primary Me(HDz)n to -the secondary

Me Dz form 1n baslec solution. The utllity of dithlzone

0.5n
extractions for selectlve separations 1s not apparent from this
flgure except for the posslbllity of separating elements numbered
one through elght from the remalnder by extractlon from acid

solutlonsa. The use of masking agents to prevent extraction of
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ION | COMPOUND PH vaLue COLOR
o 4 7 10 14
T T T T T T T T T 17T T
HDz- | H Dz pa = — —, | GREEN
S==———o=7 | ORANGE-YELLOW
Ag* AgHDz P GOLDEN YELLOW
Ag, Dz ¢ VIOLET—-RED
ng+ Hg(HDz), | ~ ORANGE-YEL LOW
HgDz T - | vioLET
pg2+ Pd (HDz), ., PALE GREEN
PdDz ¢ BROWN-VIOLET
- | Pt(HD2)
2 2 —_— BROWN-YELLOW
P | ptpz = = $ BROWN
AU AU(HDZ), J . GOLDEN YELLOW
| AugDz4 altiotd RN RED—-BROWN
Pop Po(HDz)? -
cuzt Cu(HD2), RED-VIOLET
CcuDz ~ XTI T GOLDEN BROWN
BL** | BL(HDZ), — RED-ORANGE
In* | In(HDZ), : — AASPBERRY RED
sn2* | Sn(HDz), B — RED
zn2* | Zn(HD2)
n > PURPLE-RED
Cd?* | Cd(HDzZ), \ ROSE RED
co?t Co(HD2), — RED-VIOLET
CoDz g GOLDEN BROWN
NEF | NLHDZ), [ e m— BROWN -VIOLET
Pb2* | Pb(HD2), — CARMINE RED
Fe2* | Fe(HD2z), P VIOLET-RED
Mn# | Mn(HD2), §BROWN
T TLHDz =X RASPBERRY RED
16. Schematic repreasentation of the pH dependence of the extraction

of dithizonates in carbon tetrachloride.

E$ 100 per cent extractlon of the primary dithlzonates
UIHII 100 per cent extraction of the secondary dithizonates

3 100 per cent extractlon of dithizone from agueous
solutlon

@The secondary dilthizonate 1s 1nsdluble in CClu.
The color given 1s for the aqueous suspension.

Adapted from G. Iwantscheff, Angew, Chem. 69, 472 (1957) .
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certaln specles, nowever, 1ncréases the éelectivity to the polnt
that complete separatlion of lead from almost ail other elements
can be achleved. -

Detalled extradtion curves of lead ditnizonate into
chloroform and carbon tetrachloride are shown 1n Flgure 17 and

Figure 18. The declslon between the use of chloroform or of

carbon tétrachloride as solvent in lead séparations is influenced
malnly py the amount of lead carfier added or the amount of lead
expected. The use of carbon. tetrachlorlide glves better separatlons
in some cases and 1s preferred for the colorimetric determination
because of the.smaller'amount.of excess dithiﬁone présent (see
sectlon IV-6). The solubilitles of métal dithizonates are less

in carbon tetraghloride, however, than in chloroform. The solu-
'bility of lead dithlzonate in carbon tetraghlnride at 25° is

5.7 % 10'6

M or 1.2 p.p.m. (w/v) lead (ref. S5, p. 567). It 1s
possible to work with carbon tetrachloride solutions which are
moderately supérsaturated. Thus, solutlone contalning up to
3.5 p.p.m. 1end behave normally. If too large a sample 1s taken
precipltation of lead dilthlzonate may result and 15 often charac-
terlized by a scum at the carbon tetrachloride'aquedus solutlon
Interface, If present, thls should be brought lnto solutilon,
s after drawing nff most of the carbon tetrachloridég:nith fresh
solvent. ;

Cadmium can be separated from lead by extracﬁion from
a strongly'bésic (l'g'sodium hydroxide)'sélutidn after addition
of citraté or tarfarafe to preQentlbnecipiﬁation of:the_metal
hydroxldes (Vl). Cadmlum is extracted, lead remalns in tne
aqueous phase. o '.

A powerful method of differéntiating againsf the
elements co-extracted with lead 1s through the.use'nf compleiing

agents, ~ For example, the only metals extracted from'weakly

basic (pH 8—10) med lum containing cyanide are lead, thallium (I),

tin (II), indium and bismuth (Ml). The presence of tartarate
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Extraction of lead dithlzonate and dithizone in carbon tetra-
chloride. The solid curves are for extractlon of .062 mg Pb
in 25 ml of aqueous solution with A. 0.001 per cent w/v
dithizone 1nfCClu.and B. 0.01 per cent wW/v dithizone in  CC1y.
From E. B, Sandell, "Colorilmetric Determlnation of Traces of
Metals", 3rd Ed., Interscience Publishers Inc., New York

(1959), p. 566.

or citrate, which.is always_added-in lead separatlions to dis-

courage separation of metal hydroxldes, hinders Indium extrac-

tion (s5).

appreclable

In the presence of large amounts of indium or

levels of indium radioactivity it may stlll interfere.

Since stannic tin does not extract and bilsmuth can be separated

by extractlon from slightly acldic medium the only other metal
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that will interfere 1s thalllum. EDTA prevents extraction of
lead at all pH's (M1). |

Dlthlzone extraction from cyanlde solution has been used
to advantage in a wide variety of analytical appllcations lncluding
separation of lead from uranium metal (C2), from antimony sulfide
(N3) and from stone meteporites (R3).

A number of substances can cauée Interference with the
basic cyanide extraction of lead. Iron (III) in alkaline cyanide
medium gives ferricyanide which oxidizes dithizone (S5). If
iron 1s present or suspected, hydroxylamine hydrochloride should
be added. Copper also tends to oxidize dithizone.in basic
medlum. In the presence of much calclum or magneslum and phos-
phorus, the insoluble ammonlum phosphates of these salts may
preclpltate and carry lead strongly. For moderate amounts of
these metals sodium hexémetaphosphate can be added to prevent
phosphate precipitation (Al). If calclum or magnesium phosphate
concentratlions are too high, a preliminary lead extraction with
a carbamate reagent may be required (see below). Stannic acid
also carrles down lead and when much tin is present 1t ﬁust be
removed, as by voiatilization of the bromide (ref. S5, p. 583).

The equllibration rate fér some metals (notably copper)
18 qulte Blow 1n acldic solutlons (slower in chloroform than
~carbon tetrachloride) (85). Vouk and Weber have found the
equilibration of lead between carbon tetrachlorlde and aqueous
solutions to be very rapld at all pH's (V3). Instead of
extractlng Interfering elements frpm weakly acid solgtions to
geparate from lead 1t 1ls often preferable to extract from an
alkaline éitrate solution 1n which the interfering metals are
co-extracted with lead. The lead 1s then removed from the _
organic phase into dilute (0.02 E) nitric acid. This 1s followed
by additlon of ciltrate (or tartaraté) and cyanilde, adjusting.the
PH to ~B.5 énd re-extracting the lead 1lnto dithizone. Thils can

be done only when the total amount of reacting metal is small
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because of the limited dithizonate solubllity in the orgaﬁic
phase. Thls method has been used to separate lead from biological
samples (Al), rocks and stone meteorites (M1l) and from zirconium
metal and zlrconlum alloys (G3).

Separations from blsmuth are lmportant for many radio-
chemlcal appllcations. If macro amounts of elther constituent
18 present as iIn the use of a lead or bismﬁth cyclotron ‘target,
a prelimlnary separatlon as by precipitat;on of lead sulfate or
blsmuth oxychlorlde may be necessﬁry. ‘The extractionlcoéfficients
for iead, blsmuth and thalllum over .the pH range of l1nterest for
thelr separatlon are summarized In Figure 19. Blsmuth can be

separated by extracting 1t from a buffered solution at pH 2.6

Bi ' Pb

EQUILIBRIUM DITHIZONE EQUILIBRIUM DITHIZONE
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19.. ﬁxtraction coefficlenta of bismuth,zlead and thallium as
’ "functions of PH and dithizoné concentration in carbon tetra-
_chloride, From E. B. Sandell, "Colorimetric Determination
of Traces of Metals", 3rd Ed., Interscience Publiphers Inc.,
New York (1959), p. 557. '

to 3.0 into 0.01% dithizone in chloroform as has been done by

212)

Rudenko for separation .of carrler-free ThB( Pb from

The(B1°1°)

. It 18 expected that there wlll be some loss of lead
in 0.01% dithizone. The lead recovery can be improved by shaking

the last chloroform extract with 0.01 N acld. A éimilar separa-

1
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tion has been made by Bambach and. Burkey at pH 3.4 (B3) into
dithlizone-chloroform and by Flecher and.Leopoldi-at pH-2.8¥3.0
(F7) into dithilzone-carbon tetrachlorilde.

.The method of extracting both the bismuth ‘and lead
together from basic cyanlde solution and then removing the ‘lead
by shaking with dilute aclid has been used in the separation of
lead from monazite (P2) and from bismuth-lead mixtures by
Moore (M5). The lead 18 normally removed into 0.01 N nitric
acld solutlion. Boulssleres and Ferradinl have 1lnvestlgated

210), Ra(Bialo) and Po mixtures by’

the purificatilon of RaD(Pb
dithlzone extractlon (B4). Thelr results show that either of

the above methods caﬁ be used effectlvely. They also note that
Polonium behaves similarly to bilsmuth and -can be extracted from
acld solutions.

Separation from thallium can be accomplished tolerably
well by fractional extraction.. For example, using the extrac-
tlion coefficlents shown in Figure 19 1t can be shown that if
a solution of pH 4.0 contalining 1 y lead and 500 7y thalllum 1e
extracted twice with an equal Qolﬁmé:of C.Oi% dithizone in
carbon tetrachloride, and the combined extracts are.shaken twice
with pH 5.0 buffer solution, .9997 ¥ of lead and ,0002 7 of
thallium should remain 1n the orgénic.phase (S5). Perhaps a
preferred method is to effect a aebaraﬁé lead—thallium separation
by a selectilve predipitafion of lead on.strontlum sulfate or by
extracting the.leﬁd info carbamate reagent from 1.5 !_hyaro-

chlorlic acld solution (see below).

Diethyldithlocarbamate

The most commonly diethyldithiocﬁfbamate galt used is
the sodium salt whlch is a white-crystalllne compound, readily
soluble 1n water, less soluble 1n alcohol. The reagent 1s
geﬁerally used 1n a 1-2% aqueous solution._ A'certﬁin simllarity

between the extractabllity of metals as dlethyldithlocarbamates

57



and dlthlzones 1is evidént. Dilethyldlithliocarbamlc acld redcts
wlth a greater number of elements and thls fact, together wlth
the more limlted pH rangé of extractién of 1ts complexes, makes
1t less generally useful than dlthlzone for determination and
separatlion of metals. The principle use of thls reagent in
lead separations stema from 1ts utlllty 1n separating lead from
elements whilch extract wlth 1éad dithlzonate 1n baslc solutlon
_(bismuth and thallium) and in separating lead from solutions
contalning calclum or megneslum together with phosphorus, a
comblnation which precludes dithlzone extractlon from basic
solutilion. . |

Flgure 20 taken from the review of Frelser and Morrison
(F1) shows the elements extractable in sodium diethyldithlocar-
bamate solutlon and the pH.at which each can be completely
extracted. -A varlety of solvents were used for the extractlons
indlcated 1n Flgure 20. The solvents used for lead were ethyl ether
or ethyl acetate (M1). .

Sodum Diethyldithiocarbamate

H P He
tczH,)zN-c\

Ul Be s-,No* BCNOF N

Na Mg Al SIP S CA

.K CaSc TV Cr MnFe Co M Cu Zn Gu Ge As Seli Kr
3 0650 6 6 |

Rb SrY ZrM)h:ichRuRthAngInSnSbTel Xe
-0.7

CaBuLanTaV{RleOSIr PtAquTI Pb Bl Po At Rn
3 -021
Fa Ra Ac

Ce Pr Nd Pm SmEy Gd Tb Dy Ho Er Tm Yb Lu
mPags-NpguAmcmBquE Fm Mv 102 I03

20. Elements extractable with sodium dilethyldithliocarbamate. The
number under an element symbol :Lndicat:.es the pH value at which
the element can be completely extracted. From H. Frelser and
G. H. Morrison, "Solvent Extraction in Radlochemical Separa-
tions", Ann. Rev, Nuec. Sclence 9, 221 (1959).
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Milner, Edwards and Paddon have tested a large varlety of
solventé for diethyldithiocafbamate extractlion of lead and report
tﬁat trichloroethylene or tetrachloroethane are superilor (MI2).
They found that lead extracts quantltatively over the pH range
. 0.5 to 4.5 from a 0.1 to 1 M nitric or perchloric acld solution.
The organlc phase was 1 per cent diethyldithiocarﬁamate in tri-
chloroethylene. They extracted lead under these conditilons fo
effect a séparation from thorium which does not extract (M12). A
g8imllar separatlon from thorlum has been used by Gorsuch (GM) in
which he extrgcts'lead diethyldithliocarbamate 1nto isoamyl acetate
from pH 3.0-3.2 nitrate solutlon leaving the thorium in the. . |
aqueous phase.

Investigatlon of the dilethylammonium diéthyldithio—
carbamate—chloroform extraction has ghown that lead can be
quantitatively extracted from 1.5-2.0 M hydrochloric acld solu-
tions (M14). From 5.3-6 M hydrochloric acld solutlons it 18 not
extracted (S13). Lead 1s also not extracted Into dlethylammonium
dithiocarbamate-carbon tetrachloride from 12 M hydrochloric
acld (T3). A convenlent separation of leadlfrom bismuth and
thallium 18 to extract the lead with the cﬁioroform reagent
from 1.5 M hydrochloric acld leaving blsmuth and thallium in .
the aqueous phase. Elements éxtracting to a greater or lesser
extent from 1.5 M hydrochloric acid 1lnclude zilnc, cadmium, tin (IV),
indium, and platinum (IV) (S5). “Elements other than bismuth and
thallium not extracted from 1.5 M acld are manganese, vanadium (V),
Cerlum-I1II, uranium-VI, antlmony-V, chromium-III, zlrconium,
titanium and aluminum (85). 'The blsmuth- can subsequently be
extracted from 6 M hydrochloric acid (S13). An alternatilve
method for separating lead and blesmuth 18 to extract them
together into carbon tetrachlorilde after treatment with sodium
dlethyldithlocarbamate from a tartarate, cltrate, cyanlde solu-
tion at pH 12. Lead and bismuth aré removed from the organlc

phase by shaklng with 12 M hydrochloric acld and blsmuth 1s then
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extracted from the hydrochloric acid solution with diethyl-
ammonium dithlocarbamate-carbon tetrachloride reagéent leaving
lead in ﬁhe aqueous'phase. Thls procedure sufflces to separate
lead from alloys and a wlde range of complex mlxtures (T3).
Diethylammonium dlethyldithlocarbamate-carbon -tetrachloride
reagent can b2 prepared by the followlng procedure: dillute 3 ml
diethylamine with 7 ml carbon tetrachlorlde and place in a
brown-gstoppered bottle. Mlx 1 ml carbon disulfide and 9 ml
carbon tetrachloride and add 4-5 ml of'thié mlxture to the
bottle and shake. Cool and add. remalnder of the disulfide
solution (L7). The reagent keeps one week. On day of use, dllute

1:9 wlth carbon tetrachloride.

Another procedure for separation of lead from bismuth
and thallium utilizes extraction of lead dlethyldithlocarbamate
from a cltrate solutlon of pH 7 by a mlxture of amyl alcohol and
toluene {(equal volumes). Iead 18 returned to the agueous phase
by shaking with 0.5 M hydrochlorlc acid. Bismutﬁ and thallium
are stated-to‘remain in the oﬁgahic phase (85).

Chernikov and Dobkna have reported that lead diéfhyl—
dithlocarbamate can be extracted from fluoride solutions by
ethyl acetate or chloroforﬁ at pH 0.3 (C4). This can be used
as a separation from zlnc which 1s extracted at pH 3.

After extractlon of the lead dlethyldlothlocarbamate
inta an.orgénic golvent the lead can be removed by shaklng with
concentrated hydrochloric acid (T3), or the organlc solvent
evaporated and the residue dlssolved in hydrochlofiﬁ acld (G4)
followed by colorimetric determination as the dithizonate or by
some other means. Alterqatively, the lead can be determined
_ colorimetrically 1n dilethyldithilocarbamate-carbon tetrachloride
solutlon by shaﬁing-with excess copper sulfate solutlon to con-
vert the lead complex lnto the cobper-complex which 18
determined at 435 mu (T3). Lead complexed wilith dilethylammonium

diethyldithiocarbamate 18 usually removed by evaporating the
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organlc solvent and déstroying the organlc resldue wilth sulfuric

acid-perchloric acid (L7) or with sulfuric acld-nltric acid
(M14).

Cupferron

Frieser and Mqrrison'indicate that the cupferron-lead
complex can be extracted at pH 3 (F1). The solvent 1is probably
1soamyl alcohol, Detalls of the extraction are not given but
some useful separatlons appear posslible. Flgure 21 shows the

PH at which the cupferrates of a number of elements can be

extracted.

H . Cupferron . m

LI Be D-'}'-C(’?NHZ BCNOF Ne

Na Mg -~ NeO ALSIP S ClA

7 _

K CaSc TV Cr MnFe Co Nl CuZn Ga Ge As Se Br Kr

' ' -03-03 703 4 4 03 4 ,

RbSrY-Zr NoMoTc RuRh Pd AgCd In Sn Sb Te | Xe
-03 <0 -04 7 0 -03-03

Cs BalaHf Ta W Re Os Ir Pt AuHg TI Pb Bl Po At Rn~
-03 <0 -0.3 7 3 0

Fa Ra Ac

%ePrNdeSmEquTbDyHoEr'ﬁanLu

Th Pa U Np Pu AmMCmBk Cf E Fm Mv 102103
-03 -03 : .

21: Elements extractable by cupferron. The number . under an
element symbol indicates the pH value at which the element
can be completely extracted. Fz_'om H. Frelser and G. H.
Morrison, "Solvent Extraction in Radiochemicalﬂ'Separations",

Ann. Rev. Nuc. Scilence 9, 221 (1959).

B8-Hydroxyquinoline (Oxine)

Most metal 8-hydroxyquilnclates are soluble in chloroform
and can be extrascted from aqueous solutlons by the use of this
solvent (S5). Exceptions are calclum, magnesium, tungsten,

silver and gold. As noted 1n sectlion IV-4A precipltation of the
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lead complex from aqueous solutlon 1s complete 1n the pH range

8.5 to 12.3. This 18 also the pH range of optimum extraction (Ml).
Insofar as precipitation séparations are possible by sultable pH
adJustments, extractlon separatlons are in general feaslble.
Greater selectivity of extraction can probably be realized by

the use of complexing agents but these havé not been investlgated

for lead.

2-Thenoyltrifluoroacetone (TTA)

TTA_extractions have been used for separation of many
metal ioﬁs. This reagent has not been wldely used 1n lead
separatlons largely because of the popularlty of dilthizone and
dlthlocarbamate extractions; TTA was deslgned expressly to
permit-extraction from stronger acld solutions than other chelating
agents. Thus many lons can be .extracted wilthout interference from
hydrolysis. Problems due to the 1ﬁstability of.some cﬁelates such

‘a8 the diethyldithidcarﬁamates_in mineral acids are also a#oided
in TTA extractions. In additlén, the high -power dependence of
the extraction on acldlity makes the separation of one metal ion
from another very sharp. 'Typical extraétion curves for lead and
a ﬁumber of other ilons are shown in Figure 22 (H1l). It is

apparent from this flgure that_lead'can be effectively separated

590 .
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22. Extraction of tracer quentities of thorium, polonilum,
bismuth, leed, thallium, radium and actinium_from aqueous
solution by an equal volume of 0.25 M thenoyltrifluoracetone
(TTA) in benzene. From F. Hagemann, J. Am. Chem. Soc. Zg,
768 (1952).
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from thorlum, polonlum, bismuth, radium; actinium and thallium
by careful control of the PH of the aqueous solution. The
thalllum séparation 1s facllitated by addition of a reducilng
égent such as hydroxylamine hydrochloride to keep thallium in the
univalent state. It 1s of interest to note that the eieﬁents
gshown 1n Flgure 22 are those moét often present 1n naturall&
radioaétive or 1n cyclotron ﬁroduced gsources of lead radio-
iéotopes. ' ' I

A comprehenslve revliew of TTA extractlion by Poskanzer
and Foreman has recently abpeared whlch summarlzes known
extraction qoefficients (P4Y. The pH vaiues correspondlng to
50% extraction into 0.2 M TTA dissolved in benzene are shown
1n.Figure 23, Uslng these values and the curves of per cent
extr&ctiﬁn vs. pH—pH50 shown 1in Flgure 24 the optimum pH for
separation of two or more elements can be determined (P4). 1In
In most cases the value of X to be used 1n Figure 24 should be
the oxidation sfate of the specles extracted. The valuegs of
X to.be used for exceptlons fo thils rule are shown 1n parenthesls
in Figure 23. pH—pHSO represents the varlatlon of the pH of the

aqueous phase from the pH for 50 per cent extraction.

Acetylacetone

Acetylacetone can be used as both solvent and complexing
agent 1n extrﬁction of numerous metal lons. Lead extracts com--
pleteiy at pH 7.4 (Fl). Lead has been separated from.copper,'
uranlium and bilsmuth by extraction at pH-T.A'(KQ) from chlorilde
solutions. Copper and uranlum are_both extracted at pH 2.3-5
aﬁd blsmuth comes out of solutlon as the oxychlbride above pH 1
and does not extract. Extraction of lead acetylacetonéte into
chloroform or butyl acetate is lncomplete and 1s not useful for

lead separations (T4).

8-Hydroxyquinaldine

Hynek has reported_the separatlion of lead from alloys

63



EXTRACTION OF THE ELEMENTS W|TH.O.2M TTA IN BENZENE

ELEMENT
Lil||BeD _ PHso OX_I?:')I'ION STAate . 8 c N 0 F
>s |t233 PHyo ® PH OF 50 % EXTRAGTION WITH EQUAL VOLUME

NEGATIVE 'pHs'o'S"- = - LOG HCI CONCENTRATION
Na || Mg x= COEFFICIENT OF pH DEPENDENCE OF LOG E ALY si P s cl

« OXIDATION STATE WHEN NOT INDICATED N s
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8.0 || «.24 || -10 ) >7 53511 334 || 180 || 0.89
(3.5) ) . 278m (2)
: : Ki.smm
Fr [[RoIL || AcT
>7 |[4.57
/ . (1.8) Ce Pr TO|| NI || Pm M|} SmII | |Eu I} |G4 IL)[ Tt IX || Oy I ||Ho TX)| Er || TmII|| YO II{LuX
spem|| 368 359 || 342 |[ 329 [ 3.29 |[3.26 {324 || .08 || 315 308 || 2.97 || 299
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23. Elements extractable 1n thenoyltrlfluoracetone. The numbers
under an element eymb61 1e the pH at which 50 per cent of the
element 18 extracted into an equal volume of 0.25 M TTA in
benzene. The.figurea 1n parentheses 'give'a value of X to
be used with Figure 24 to get pH dependence of extraétion.
When no value 1s gilven, the oxidatlon state of the element 18
to.be used. :From A. M. Poskanzer and B. M. Foreman, Jr.,

_-J. Inorg. and Nue. Chem. 16, 323 (1961).

by extractlon with B-hydroxyquinaldine from an alkaline,
cyanlde-hydrogen perbxide medium (H12_) » After an intervening
extractlon at pH .5‘ to elimlnate traces of Impuriltles whlch would
coextract with lead, the lead complex was extracted at pH 9

and determined spectfophotome_trically in the organlc phase.._

C. Amalgam éxchange.
Devoe, Kim and Melnke have descrilbed a fast and

selectlve separation based on the rgpid exchange of elements
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24, Extractablility vs,. pH-pH5O for elements ﬁhown in Figure 23.
The pHSO values should be taken from Figure 23 and the value
of X to be used should be the oxidation state of the elemén_t
or in some cases the value shown in parentheses in F:Lgu.re. 23.
From A. M. 1.>o-ska.nzer and B. M. For.ema.n, Jr., J. Inorg. and

Nue. Chem. 16, 323 (1961).

present 1n.a dllute amalgam and 1ts lone 1n solutlon (Dl). The
yileld of this process decreases as the amount of the element ;n'
the aqueoué phase Increases relative to the.amoﬁnt in the amalgam.
It also decreases 1n the presence of gxidizing agents_(Mnou',
Cr207=, etc.). For flve-minute stirring of a 2 per cent amalgam
with a volume ratlo for aqueous phase to amalgam of 40:l, 90;per
cent of the carriler-free lead-212 was removed from a 0.5 M sodium
nltrate solution. Presumably the lead could be removed from the
amalgam by shaking'with an aqueous Solutlon of a suitabié |

oxldlzing agent.

8. Ion exchange.

The speed, convenlence and selectlvity of lon exchange
separatlons have gone far téward making this the'separatioﬁ me thod
preferred by radlochemlste. Ion exchange 1s moet useful for
final purlficatlion of a radloelement or for separation from a
few interferring species. Speciflc separations from general

mlxtures are usually less successful. Thils 18 not a serious
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fafling because often only a few radloelements are present in

‘the sample or preliminary group separations can belcarried out
rapldly and quantltatlvely by preclpltatlion reactions, solvent
_extraction or electrodepositlon. Macroquantlties of 1mpurity
often 1mpalrs lon exchange separations by resin-loading effects
even 1f the lmpurlty 1s not strongly abaorbed on the resin. In
general, separationg are more complete if the amount of carrier

18 minimlzed but up to 10-20 mg of inert carrler of the element of
Interest can often be tolerated by increaéing the amount of resin

In the column.

A. Anlon exchange.

From Hydrochlorlc Acid

The adsorption of lead (and bismuth) on a strong base
quaternary amine aﬁion-exchange'resin In hydrochlorie acid solu-
tlon has beén Investlgated 1in detaii by Nelson and Kraus (N2).
The resln used in this work was Dowex-1, 200-230 mesh. It was
found that the absorbabllity of lead-II was low 1n dllute hydro-
chloric acid (D = 1 1in 0.05 M HC1l) and increased at firsf with
lncreasing hydfochloric acld cohcentration. Adsorptlon reached
a maximuﬁ (D = 25) near 1.5 M hydrochloric acid and then
decreased fapidly. Negligible adsorption (D ¢ 1) occurred above
8 M hydfochloric acid. The distribution coeffilcilents obtalned
for lead and bismuth as a function of the hydrochloric acid
concentration are shown in Figure 25. The adsorption of lead,
although relatively small at its.maximum, is sufficlent to hermit
1ts separatlon from most elements 1n the perlodlc table. Dils-
tributlon coefficlents for adsorption of 1argé number'of
eleménts on Dowex-1 resin as a function of the hydrochloric
acid concentration are shown in Figure 26. This flgure is taken
from the review article of Kraus and Neison (K7). A few examples
of lead separatlionse are shown on cﬁrves A, B and D of Figure 27

{(N2). It 1s of interest to note that by altering the conditions
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1t 1s posslble 1n some cases to change the order of elution aas
shown for lead and iron-III in curves A and B of Figure 27. HLead,
bismuth and polonium have been separated from raedium solutiéns by
Dowex-1 anion-exchangé columns (H6)(H10)(P3) By putting the mixture

onto the resin in 1-2 M hydrochloric acid. The radium passed 
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25. Distribution coefficient vs. hydrochloric ascid concentration
' for adsorption of lead and biamuth on Dowex-A-1 anlon ekchange
resin from hydrochloric acid-solutipn. From F. Nelgon and -

‘K. A. Kraus, J. Am. Chem. Soc. 76, 5916 (1954).

directly thrpugh the column and the lead was'removed-after about
5 cblumn Qolumes of eluant had been passed through. The bismuth
was subsequently removed wlth concentrated hydroéhloric acld and
the polonium with concentrated nitric acid (H6);

" The speed possible 1n 1on'exchange separétions make

this a unlquely favorable separatlon method for many applications.
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27. Separations lnvolving PbII in hydrochloric acid and nitric
acid solutiens (0.30 eq. cm:\columns, length A, 4.7 cm;
B, 4.7 em; ¢, 6.8 em; D, 12.2 em, 200-300 mesh Dowex-1l, flow
rate, 0.5 cm/min). Prom F, Nelson and K. A. Kraus, J. Am.
Chem. Soc. 76, 5916 (1954).

Anlon exchange separatlons have beén used for example to separate
lead 1sotopes of a few seconds half life from bismuth parent
activities (S9). The column was-maintained at 82.3°C by refluxing
1sopropyl alcohol through an external Jacket in order to increase
the rate of equllibratlion. Bismuth was adsorbed on the resin and
lead was eluted. Lead daughters of half 1ife'down to one or two
seconds could then be removed from the resin rapldly enough wlth
very dllute hydrochloric acld to allow thelr 1lifetlmes and radla-
tion charactéristics to be measured.' A similar method has been
used by Campbell and Nelson to make measurements of the charac-
terlstics of 0.8 sec lead-207M produced from decay of blsmuth-207
(Cc3). In thils work 200 mesh Dowex-1 (10% cross linked) resin was

used at_room tempefature. These workers have utilized a flow
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technique in which the solution 1s passed through the resin bed
pﬁst on lnJector which 1njects buﬁbles used to measure the flow
rate and then directly to a scintillatlon counter. By varying
the spacing between the detector and the resin the half life of
lead-207M was measured as 0.84 + 0,02 sec (C3); The flow '
apparatus 18 shown in Figure 28. The method could be extended
(in favorable cases) to-measurements.of i1sotopes of half lifes

of the order of mllliseconds.

Direction of liquid flow
oot f

Glass filter disk with
] Bi297 on resin

Rotary
squeeze pump

Shield

Movable glass
tube 2-8mm ID
&

Bubble =
injector N?rl\ g?_:iJe ge Ballast flask

28. Schematic di.agra.m of flow apparatus ‘for measurement of
Pp?°™™ haif-1ife. From E. C. Campbell and F. Nelson,
J. Inorg. and Nuc. Chem. 3, 233 (1956).

Similar results have been obtalned using other strong
base quaternary anion resins 1n hydrodchloric acid solution.
‘Jentzsch and Frotscheu have reviewed the use of Wolfatit L-150- -
anion exchange resin (J1). Table XVIII showe the hydrochloric
acld concentration at which a number of elements are eluted from
Wolftit L-150., Amberlite XE-98 (65-120 mesh) resin was used by
Ishimori for separation of Pb2iC(RaD), B1°'°(RaE) and Po’1C(RaF)
(I5). The resin was packed in a2 3 cm by 0.85 cm diameter column.
After converting the resln to the chloridg form by treatment
~ with concentrated hydrochlori¢ acid the elutlon curves shown
in Flgure 29 weré'obtained.

Russlan workers have successfully separated small

amounts of lead from bismuth, cobalt, nickel, 1ron and copper

© 10



cpm/drop

500 . .

l ——e-— soon after elution
—=o-— AHer 69 days

00| 1!

2N HCl—}=—— conc. HCIrfe—————— 'HNOg —————»

=}

200

100

e e - ———— e D
o o el

N

0 . 100 200 e 300 ce

T e e e G —————— — — . s e

29, Elution sequence for RaD (sz;"o), RaE (31210)' and RaF (Pozlq)

on Amberlite X98 anlon exchange reein, From T. Ishimori, Bull,
Chem. Soc. Japan 28, 432 (1955). o
by using AN-2F and TM anion exchange resin (810). The mixtures
were loaded on the resin in 8 M hydrochloric ﬁcid; The gobalt,
copper and lron wéré desorbed with 4 to 0}05 M hydroéhloric
acld, the lead with 0.02 M hydroéhlorié_acid and the bismuth
with 1 M sulfuric.acid (810).

Thé'behavior of léad on De-acidlte FF anlon exchange
resin (40-60 mesh) has been -lnvestigated by Milner, Edwards and
Paddon (Miz). They find fhe behavior to be simllar- to that noted
above for Dowex-1. The adsérption 1s stroﬁgest from 2 M
hydrochloric aéid but lead began elutlng at thié concentration
after a few column volumes of eluanﬁ had.passed through. Gorsuch
used De-acidite FF (100-200 mesh) to separate lead from thorium _
(a4)(a5). After loading the thorium solution\onto a 10 cm x 1.5 cm

diameter column 1in 2 M hydrochloric acld and washiﬁg the thorium
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i Table XVIII -
Elution of metal lons from Wolftlt L-150 anlon exchange resin
wlth hydrochloric acld.

Element Hydrochloric Acid Concentration (Molarity)

12.5 -11-10 7.5 6.5 5 4 1.5 1.0 0.5 0.05 0.005

Al

Mg
Li

Na

K

As III
Ca

Ni

Fe II X

Co . X

Mn IT X

Fe III X

Cu X

Sn IV : X

In X

Zn : X

cd X

Pb X

i ]

el a el

From ref. (J1).

through the resin bed with 2 M hydrochlorlc acld, the lead was

eluted 1n a sharp band with distllled water.

From Other Hallec Acids

Hydrochloric acid—hydrofluoric'acid mixtures are useful
eluents in many anlon-exchange separation procedufes. The dilstri-
butlon coefficients for & number of elements.on Dowex-1 resin from
1 M hydrofluoric- (0.01-12 M) hydrochloric acld solutlons are shown
in Figure 30 (from reference N4). Although the adsorption behavior
of lead 18 relatlvely uneffected by the presence of the hydrofluofic
acld, a number of eleﬁents such as tin-II, germanium-II, and
titanlum-IV, whilch behave much llke lead 1ln hydrochlorilec acild
solution exhlblt sufflclently different behavlior 1n the mlxture
to make thelr separatlon from lead sfraightforward. An example
of lead separatlione using mixed hydrochloric acld-hydrofluoric acid
elements 18 shown 1n Flgure 31. Farils has found that lead is only

slilghtly adsorbed on Dowex-1 resin from hydrofluoric acid solutions

72



€L

: "0, <1 HC! 7]
O in KOl L ond Ina-crnf_
| | A
b& L] l-‘ _Tl 1! 1 ! T v ]!':n l-‘ !.1 T I I- -zn L] I- _h T T
- . w 4+ ID,“ - - - 4 4
——in HEI—
j AR wS i -//|lm | r/ m|
L all B N e Z n I l T | w 57 & m— I
Y- T T ‘_Z' ! T ! T Nb i T Mo T T Fln T 1 sn T
, 8 - :
-0."&1-- oA [E] P [T O] , LEGEND: - |m| A | .
| HOI-WHE AL - -
| | \ // / P, Q:G T T 1 4 - f-
11 I 1T I I I t N n 1 T I I
[RE] " | [AF ] e T 71 1w ™ 1] ©  ELEMENT ST DL Eb T
i §4—- AND — |
L (eumedl o AJ=zlAF [m) { g - oxiation o L I\“- o
in HCI ond — )
| MCi-1MHF M_ L ] T 22— STATE —] L Dy«t e ]
) —— N T - 8 [~ 7] nd HCI- el P
’_Pa T M T | T 3 ol— -
i 0 4 8 12
MOLARITY HGle

30. Distribution coefficlents for adsorption of some elements

on Dowex-1 anion exchaﬁge_reain from hydrochloric acild-
hydrofluoric acld solutions. The light lirles show the
adsorption behavior in 1 M HF solutions (except Zr(IV),
HE(IV), Nb(V), Ta(v) and Pa(V) where ! HF = 0.5) as a function
of hydrochloric acid concentration. The dark curves show the
behavior in the absence of hydrofluoric acid. From F. Nelson,
R. M. Rush and K. A. Kraus, J. Am. Chem. Soc. 82, 339 (1960).
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31, A separation involving lead adsorbed on Dowex-1 anion exchange
resin using HCl-HF eluent. From F. Nelson, R. M. Rush and

K. A. Kraus, J. Am. Chem. Soc. 82, 339 (1960).
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32. Dilstribution coefficlents for adsorption of lead (II) and
bismuth (III) onto Dowex-1 anion exchange resin from nitrate
solutlons, From F. Nelson and K. A. Kraus, J. Am, Chem. Soc.
76, 5916 (1954).
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ranging in concentratlon from 1 M to 24 M (F8). Lead can be easily
separated from Mo IV, Te IV, Sb V, Sn IV, Z2r IV, Nb V, Pd II and
As V with 5 M HF (F8). | _

Iead has been found to adsorb more strongly onto
De-acldlte FF anlon exchange resln from 2 M hydrobromlc acld
solution than from 2 M hydrochloric acid solutilon (M12). Hydro-
bromlc acld eluant has been used to separate lead from thorium

(M12).

From Other Electralytes

The distribution coefficients for lead (and bismuth)
on Dowex-1 from nltrate solutions are shown in Figure 32 (N2).
ILead 1s only very weakly adsorbed at all concentrations as.might
be expected from thé fallure of lead to form negatlvely charged
nltrate complexes, Some usBeful lead separatlons using alnitrate
system are possible as shown 1n curve C of Figure 27. In
general, however, the same separations can be carrled out as well
or better with a hydrochloric acld system. |

It 18 poseslble to adsorb lead onto anlon exchange
column by first loading the resin with ilodide ion (K2), sulfilde

ion (K2) or phosphate ion (R4).

Influence of EDTA

The adsorption behavior of lead on anlon exchange fesins
1ls drastlcally altered in the presence of EDTA. In contrast to
the low adsorption of lead from nltrate solutions in the absence
of EDTA 18 1ts Btrong adsorptlon 1n the presence of EDTA. The
distribution coefflclents 6f lead and a number of other elements
onto Dowex-1 from nitrate solutlons of varying nitrate composition
in the presence of very dilute EDTA are shown 1n Figure 33 (S11).
-The EDTA 1ls present 1n excess over the radloelements in order to
convert them to thelr EDTA compléxes but the amount 1s still
small compared wlth the concentration of nltrate lons 8o the

lon exchange resin 1s almost completely 1n the nlitrate form.
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33. Distribution coefficients of radloelements between nitrate-
loaded Dowex-l and nitrate solutlons, both containing some
EDTA, at pH 4.7-5.0. From T. Schinfeld, M. Wald end
M. Brund, Proceedings of the 2nd U.N. Conference on the
Peaceful Uses of At. Energy 28, 48 (1958).

The slgnlficant process 18 then exchange of nltrate anions in

the resin phase wlth complex anlons contalning the radloelement:

n(n+)No3‘ + Mc ¥*" = (R )n Me Y' + n NO,”

If more concentrated solutlons of the EDTA are used, {(as the
disodium salt, represented as NaaHaY) then the resin 18 1n the form

of the anlonic eomplexon and the process of 1lnterest 1s:

n(R") H,¥,” + Me¥® = 2(RY) | Mey™ + nH Y2

Tﬁe distributlion coefflclents of the.same radioelements of Filgure 33
on Dowex-1 resin loaded wlth EDTA as a functlon of the EDTA con-
centration of the eluant 18 shown in Figure 34.

It is also useful to consider the effect of varying the
pH of the solution ain;e the stability of the various EDTA com-
plexes 18 known to be pH sensltive. The effect on the distribu-
tlon coeffileclent for lead between nitrate loaded Dowex-1 and

nltrate solutlon contalning dilute EDTA 1s shown 1n Figure 35.°
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In these systems the slope of the distributlon coefficlent curve

18 primarily dependent on the charge on the anlonic metal complex

lon.

The slopes for singly and doubly negative lons are shown _

by the dotted lines in Figures 33, 34 and 35. A number of useful

separatlions are suggested by the distribution coeffilclents of

Flgures 33-35. It 18 especlally notable that the order of

elutlion of lead and blsmuth under most condlitlons 1s the reverse
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Figure 34 Figure 35

34.

35.

Distribution coeffilclents of readioelements between Dowex-1
loaded with EDTA and solutions of EDTA (pH = 4.7-4.9). From

T. Schénfeld, M. Wald and M, Brund, Proceedings of the 2nd

* U.N. Conference on the Peaceful Usea of At. Energy 28, 48

{1958).

Dlatribution coefficlenta of lead (Pb210) between nitrate-
loaded Dowex-1l anion excha'nge resin and nltrate solutilonas,
both c;:mtaining some EDTA for different pH values. ' From

T. Schinfeld, M. Wald and M. Brund, Proceedings of} the 2nd

U.N. Conference on the Peaceful Uses of At. Energy 28, 48

- (1958) .
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of that normally encountered, wlth the lead belng the more
strongly adsorbed 1n the presence of EDTA. Thls can be used,
for example, to elute bismuth daughter activitles from adsorbed
lead isotopes. It 1s apparent that é study of the pH dependence
of adsorptlon for a larger number of elements shﬁuld lead to

many selectlve and quantitative separation procedures.:

B. Catlion exchange.

Bonner and Smlth have studled the relatlve adsorptioh'
‘of a large number of metal ions on Dowex-50 from perchlorate
sqlutions (B5) . Tabie_XIX summarlzes thelr results. Although
the order and degree of adsorptlon 1s affected b& the presence
of complexlng agents such as chlorlde lon the selectlvlty scale
showrl 1n Table XIX indicates that Dowex-50 1s probabiy beét used
for group separatlons.

Table XIX

Relative adsorption of metal lons on Dowex-50 from perchloric
acld solutions. :

Per Cent Cross-Llnkage

Metal Ion 4y 8% 12%
Lit 1.00 1.00 1.00
Ht _ 1.32 1.27 1.47
Nat 1.58 . 1.98 2.37
NHyt 1.90 2.55 3.34
Kt 2.27 2.90 4 50
Rpt 2.46 3.16 4 62
‘cat 2.67 3.25 L4.66
Agt 4,73 8.15 22.9

T1+ 6.71 12.4 28.5

VOot+ 2.36 2.45 3.34
Mg+ 2.95 3.29 3.51
Znt+ 3.13 3.47 3.78
Cot++ 3.23 3.74 3.81
Cnt+ 3.29 3.85 4 b6
catt 3.37 3.88 4.95
Nit++ 3.45 3.93 4,06
cat+ 4.15 5.16 7.27
Sr++ 4,70 6.51 10.1

pett 6.56 9.91 18.0

Bat+ 7.47 11.5 20.8

From ref. (B5).

Fritz and Karraker have recently reported the use of

ethylene dlammonium perchlorate solutlon to effect group
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separatlons on 100-200 mesh, 8% cross-linked Dowex-50 (F9). Most
dlvalent catlons with the exception of barium-II and lead-II are
eluted from the column with 0.1 M eluent. The trivalent catlons

. with the exceptlon of blsmuth-III are then removed with 0.5 M
eluent. Lead and barlum are removed wlth thils fractlon. Bismuth,
thorium and zirconlum remain quantitatively on the column after
this treatment. Thls method has been used for speclfic separations
of iead from thorium-IV and from blsmuth-III with the lead frac-
tion belng recovered in high purity and high yleld (F9).

Sequential group separations using & number of different com-
plexing agents 1n conJunction wlth Dowex-50 resin has also been
descrlbed by Blaedel, dlsen and Buchﬁnan (B3). In this scheme
lead 1s removed from the resin wilth 2 per cent ciltric acld at

PH 3.0 along wilth slxteen other elements. The notable.separations
appear to be from copper, zinc, cadmlum, strontium barium and
thallium which adsorb on the resin in this medlum.

Mercury, lead and blsmuth have been separated on
Dowex-50 with hydrochloric acld (T2). The lons were loaded in
0.1 M hydrochlorilc acld, mercury was eluted with 0.3 M Bismuth
with 0.6 M and lead with 6 M hydrochlorilc acid.

Minaml and Ishimori (M13) have separated lead and barium
by adsorbing the lone from niltrate solutlion onto Dowex-50 in the
ammonlum form and elutlng the lead with ammonilum acétate
solution at pH 6.1. The barium remainé on the resin and can be
eluted.with 10% ammonium chloride solution (M13).

| An interesting method for preparation of carriler-free
lead-212 (ThB) by the use of Dowex-50 resin has recently been
described by Kahn and Langhorst (K8). The procedure involves
refluxing a tHorium'nitrate solution in 1 M nitric acid 1in a
Soxhlet extractor in which the usual extréctiqn thimble is
replaced by a small (22 x 55 mm) cation-exchange column (Dowex 50
x 8, 100-200 mesh, hydrogen form). The thoron whilch escapes from

the bolling solutlion 18 carriled along wilth the'vapora into the
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upper part of the apparatus where the water vapbr condenses.

Here the thoron collects and decays to polonium-216 which decays

to lead-212. The lead-212 18 washed onto and retalned by the resin
and can be removed subsequently with 1 M hydrochloric acld.

A number of other lead separatlons have been desecribed
in the recent review by Schindewolf (S12). These include
geparations from lndlum and antimony on Dowex-50 by loading
in 0.1 M hydrochloric acid, removal of antimohy wilth 0.2 M,
indium with 0.4 M and flnally lead wlth 1-2 M hydrochloric acid.
Coppér, zinc and 1lron-III are removed with the lead (S12).
Separation of lead from.molybdenum on Wolftlt-F catlon exchange
resln by elutlion of molybdenum wlth cltrlc acld 1s also
described (S12). .

As 1n the case wilith anion-exchange resins, the presence
of EDTA or other organlc complexing agents aiter the adsorption
behavlor of lead on catlon-exchange reelns. For example fhe
barlum-EDTA complex 18 less stable than that of_lead: By passing
a mlixture of the lead and berium EDTA complexes adJusted to DPH
4.4 .5 through Dowex-50 resiln, only lead passes through, barium is
adsorbed (W5). An EDTA solution of pH 10.5 can be used to remove

barlum from the resin.

9. Fillter paper chromatogfqphy.
A. Introductilon

The separation of lnorganic metals by fllter paper
chromatography seems to be ideally sulted for manyjradiochemical
applications. This sepafation method usually works best wlth
trace amounts of matérial;'it 18 quantlitative, convenlent, does
not requlre much atténdgnce, does not lnvolve complex equlipment
or solutlons, adapts well to remote handling and can be fast.
In addlition, selectlve separatlons can be performed from complex
mixtures.. The resultant product can be easlly concentrated or in

some cases radloactlvlity measurements can be made on sectlons cut
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or punched from the filter paper used in the separation. In
splte of these advantages and the avallabllity of reviews (18)
(815) outlining the method, radilochemlsts have been slow to
adopt or adapt thils procedure to the separatlion of radioisotopes.
The separatlon of radioactilve mlxtures adds the advantage that
the radloactlivity often provides a method of locating the
fraction (or fractlons) of interest with high sensitivity and
speed.

Perhaps the valuminous amount of publilished data on
chromatography has discouraged many radlochemists from
ut;lizing the method. The slmpllclty of the technlque tends
to cause a rather emperilcal approach to be taken toward a speciflc
separatlion and thls has resulted i1n the publlicatlon of a .con-
fusing varlety of conditlone, solvents and results. The book
by Lederer and Lederer (L8) has done much to clear the alr but
it 1s Btlll difflcult for the radilochemlst to select the condl-
tlons and reagents best sulted to a glven separation. At the
risk of adding to the confuslon an attempt wlll be made to
brlefly review the general technlque, to summarlze the publlished
data on separation of lead and to attempt to show ﬁy noting
selected separations how thle technlque can be of use to the
radlochemlst. A brief summary of related techniques 1s also

glven.

B. Techniques.

In brief, the method 1s to evaporate a small volume
of a solutlion of the mlxture to be separated onto a spot on a -
filter paper strlp or at the center of a filter paper clrcle.
This spot 1is known as the origin. An alternate method 1is to
place the mixture in small volume onto the top-of a column
packed with filter paper pulp. A cbmplexing golutlon 18 then
caused to flow across the ofigin and along the filter paper.

The lons may then tend to move with the flowlng solvent, the
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magnltude of the tendency depending on the detalls of the
ilon-solvent-filter paper interactlon._ Thils tendency 1s often
different for different elements so they become separated Into
bands along the fllter paper. One need only provide'therefore, a
sultable fllter paper, a source of the solvent and the means for
1ts flow. It 1s also necessary to prevent evaporation of the
golvent durlng the éeparation, this 1s done by saturating the
chamber with solvent vépors.

The paper used 18 usually standard analytical gfade
filter pﬁpef in the form of strips 1-3 cm wlde and 30-40 cm long -
or circles up to 10 cm dlameter. Pollard, McOmle and Elbeith have

“tried uslng a variety of fllter papers lncludlng Whatman No. 1,

- No..54 ané No. 541 and find no appreclable difference in the
relative separations obtained (P5). A number of other papers
have been used, including Muktell OB (C5), Eaton-Dikeman
Grade-301 (W7), D'Arches No. 302 (L9), Whatman No. 41 (M15). The
maln difference 1n the papers seeme to be the wettabillty which
1ﬁf1uencea the rate of flow of solvent (highest for Eaton-Dlkeman
Grade-301) .

It 18 sometlmes necessary when workling wilth traces of
materlal, to purlfy the fllter paper before use. Iron 1s the
majJor contamlnant. A number of methods of purlfying the paper
have been used: (1) downward floﬁ of* hydrochloric acld for six
days followed by washing the paper free of chloride with distllled
water (Pl); (2) washing w1th_8-hydroxyquinoline in aqueous ethyl
alcohol solution followed by thorough washlng wilth aqueous
ethanol and drying (P5); (3) downward percolation with 1 M
nitric acid, l.ﬂ acetic acid and water (816). The latter metnod
is probably preferred and has been used by Warren and Fink (W7).

The movement of the solvent along the paper 18 usually
by caplllary flow and the chamber used can take many forms.
Apparatus for ascendlng or descendlng flow of the solvent on paper

gtrips are shown schematlcally 1n Figures 36 and 37 (from ref. 317).
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Figure 36

Figure 37

36. B8chematic description of chromatographic separations using

upward migration of wash liquid. From H. H. Strain, Anal.

Chem. 23, 25 (1951).

"37. Schematic description of chromatographic separations using

downward migration of wash liquid.

Chem. 23, 25 (1951).

N

From H. H. Strain, Anal.

The enclosling chamber 1s usually a glass cylinder for separation'

on strips. If clrcular paper 1s used a slimple chamber can be

constructed from two evaporating dishes (L15). The solvent is

placed in one dilsh over which 1s placed the circular paper with

the edges of the paper extendlng over the rlm of the evaporating

dish. A tab (2-5 mm wide) is cut from the'édge to the center of

the paper and allowed to dilp into the ééiﬁent to act as.a wick.

A second evaporating dish the same sizé as the flrst 1s then

inverted -over the fllter paper to form an enclosed chamber.

After the separatlion 1is completed the paper 1s driled
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and the bands located by colorimetrlc reactions {L8) or radio-
activity (F10). The element can then be removed from the
chromatbgram by wet digestion of-the fllter paper or by leaching
with acid.. Lead can be remoﬁed quantitatively py bolling the
paper with small quantities of 2 M nitrlc acid (P1).

C. Compllation of Rf values.
The rélative separations obtalned are indlcated by
the relative Rf.values, for each component. The Rf values are

defined by

R. = dlstance from starting point to center of spot or band
£ distance from starting polnt to solvent front

The Rf values obtalned are relatively Independent of
the rate of solvent flow or the dlstance the solvent front has
moved from thé orlgin. Gobd separations éan usually be achleved
only 1f the Rf values of ead]Jacent bands differ by 0.1 unit or
more. In some cases, where the bands are abnormally wide of
where talling of one or more components occurs, larger differences
in the Rf values are requlred. It 18 customary to flow the solvent
" for about 20 ¢m in fillter strilp separations.
For equlvalent condltlions the Rf'values for circular
paper chromatography are generally larger than those for paper
strip chromatography. The Rf values for circular paper ﬁsing

central feed are sometimes called R values and have been found

fec
to be closely equlvalent to the square root of the Rf values
.obtained wilth paper strips (L15)(S14).

As 1n the case of 1lon exchange, paper chromatography
1s most often used as a flnal separatlon from complex mixtures
after-réther general group separatlons have been performed.
Table XX summarizes the published Rf values for lead and a
nﬁmber of other elements of particular interest 1n lead sepéra-
fions for a number of_differént solvents. :Elements produced

1n charged partlicle or neutron lrradlations 1n which lead radlo-

lsotopes are made have been 1ncluded 1n Table XX. In addition
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the other members of the so-called "copper group" and "tin
group” of elements which form basic sulfides have been included
to show the behavior of elements with chemistry simillar to
lead. Rf values for many other specles are included in pub-
lished tabulatlons but in the ilnterest of space and clarity
these have nof been included i1n the taple. Reference to the
original literature 1s recommended for separatlons not included.

Iron-III has also been included 1n Table XX because It 18 a

comﬁon contaminant of naetural or laboratory samples.

D. Examples of geparations.

Many separations are indicated by the Rf tabulatlon
in Table XX. The choice of solvent depends not only on the
contaminants présent but also on the time limitation imposed
by the half-lives of the radioisotopes belng separated. A few'
of the posslble separations will be pointed out.

Of the varlous separations shown usling butanol together
with nitric or hydrochloric acld one of the best combilnations
appears to be butanol plus 6 N hydrochloric acid (D5). This 18
i1tem 16 of Table XX. The lead 18 well separated from all
‘"elements listed except copper. Butanol 1n comblnation with
hydfobrbmic acid (K10) (1tems 35-37) appears to be a useful
solvent for lead separations. For most solvents studled, the
lead fractlon remailns at or near the origin. If large amounts
of the more moblle specles are absent (quantitiés greater than
~0.1-0.5 mg tend to tall along the paper) then the immobility
of lead can be used 1n its separation. Some of the solvents
showing this type of separation are: butanol-HCNS (M15) (1ltem 1),
isopropanol + 10% 5 N HC1l (L10O) (1tem'12); isopropanol + nltric
acid.(ZB) (item 25). The simplicity of the technigue 1s shown
by the.use of commerclal ethanol and hydrochlorlec acld toc obtaln
good separation of lead, copper, bismuth and cadmium (L10) (item 11).

Mercury, copper, bismuth, cadmlum and lead have been
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TABLE XX

Summary of Rf Values for Cammon Contaminants of Leed Samples

't oas™t oAt et osn™ sttt Al Bt T ot mt™t m't B1™™ Solvent Mixture Ref

1,00 0.5 1,00 1.00 0.% 1.00 00 0.9%6  Butsnol-mcws(®) M5

0.09 0.0 0.61 0.70T 0.82 0.79 0.0T 0,59 Butanel+INECI 19

0.13 0.0 0.23 0.70 1.00 0.36 0.0k 0.09 Butanol+INHCI; peper impreg. 9
with IRNaCl

0.13 o2 018 0.3 0.73 © 0.23 0.23 0.11 0.15  Butanol+2NHNO3 cont. 0.1% P5
Dibenzoylmethane

0.22  0.43 0.10 0.05 0.58 © 0.24 0.31 0.03 0.02 Butenol+0.1NENO3 cont. 0.5% P5
Benzoylacetone

0.12 0.43 0.15 0.12 0.82 0.02 0.3 0.43 0.09 0.23 Butanol+2NENO3 cont. 1% P5
Acetylacetone

0.15 0.45 0.28 0.15 0.70 O 0.50 0.50 0.09 0.20 Butanol+INENO3 cont. 5% P5
Acetoacetic ester

0.17 0.50 0.19 0.13 0.73 O 0.0 0.0 0.10 0.20 Butanol+INHNO3 cont. 1% P5
Antipyrine

0.2k 0.18 0.08 0.18 0.77 0.65 0.43 0.k 0.15 0.63 Doxane, 100 ml; antipyrine, lg; P5
HNO3, 1lml; Weter, 2.5 ml.

0.65 0.17 0.1 0.29 . 0.16 0,16 0.09 0.84 0.18  0.34 Butenol, 50%; HAC, 10% ecetoscetic 6
ester, 5%; Water, 35%

0.47 0.50 0.02 1.0 0.97 0.85 0.95 0.08T 1.0 0.16 0.9 BEthanol+10% SN'ECl?b) 110

0.28 0.66 0.06 0.8+ 0.88 o0.77 1.0 0.05 1.0 0.03 0,84 Isopropauohl% sgncl(b) 110

0.10 0.70 0.0 0.68 0.95 0.87 1.05 0.0T 0.65 Butanol+INHECL 110

0.11 0.58 o] 0.6 0.76 0.76T 0.84 0.17 0.63 Butanol+2RECI{P D5

0.31 0.83 0 0.97 1.0 0.99 1.0 0.39 0.76 Butanol+4NHEC1(D D5

0.52 . 0.9% 0 0.99 0.98 0.95 0.99 0.55 0.79 Buta.noh@m(b D5

0.58 0.92 0 0.97 0.89 0.83 0.97 0.52 0. Butanol+BFEC1(B) D5

0.58  0.84 o] 0.90 0.83 0.77 0.90 o.ks  0.58 Butanol+10NHCL bg D5

0.57 0.78 o] 0.81 0.78 0.73 0.83 0.40 ©0.50  Butenol+12RHC1 D5

0.02 0.k 0.0 0.23 0.52 0.55 0.0 0.22  Amylalcohol+2FHC1 L10

0.26 0.43 0.02 0.75 0.83 0.77 0.96 0.82 0.98 0.03 0.67 L5, E;ha.nol, %5% Isopropanol W6

. 10% SRHC1

0.12 o.k4 0,02 0.73 0.81 o0.76 .0.89 0.85 0.9k 0.03 0.65 k5% I;op?opsnol, 454 Butanol Wé
10% SNHCI

0.03 0.} 0.01 0.22 9.hk2 0.61 0.75 0.0 0.30 50% Butanol, 50% Amylalcohol W6
saturated with 1NHC1

0.37 0.18 0.37 0.01T 0.7T 0.11 0.67 Ethanol, 90%s BNENC;, 109 113

0.20 0.45 0.2k 0.22 0.30 0.k5 0.09 0.07 0.39 Isopropancl, 180% 131%03, 20} Watet, 10 18

0.05 0.13 0.07 o] 0.58T 0.02 0.03T Isopropanol, 90; BNENO3, 10 113

0.17 0.23 0.19 T 0.16 0.15 0.27  Butenol sat, with 10% agu, HNOj pARL

0.10 0.55 0.2 0.10 0.7k 0.01 0,18  Butanol sat. with 1FHNO3 E3

0.15 0.4 0.19 0.15 0.8h .15 0.25 Butanol sat. with 3NHNO E3

0.32 0.06 o.og 8 58 0.64T 0.02 0.17  Amylalcohol sat. with 281, aqu., HNO3 113

0.41- 0- 0.76- 0.79- 0.83- 0.88- 0!71- 0.12- T 0.01- .Q.31-

0.51 0.k9 0.89 0.97 0.97 0.97 0.92 0.86 0.15 o0.54  Methy n-propylketone §5 1ONHC15 c5

0.65- 0.26- 0.B2- 0.86- ©8.91- 0.84k 0.B4- 0- 0- 0.12- 0.41-

Q.76 0.57 0.93 '0.99 0.98 0.93  0.91 0.19 0.19 0.23 0,60 Methyl n-propylketone 85 10RHCL 15 5

> S S e Sa e ol el o Sy o Methyllsopropyy ketone 05 lomEI 15 G5

0.41- 0.58- 0,05- 0.69- 0.84- 0.82- 0.90- 0.58- 0.63- O- O- 0.11- 0.30-

o9 0.51 0.3k 0.77 0.9 0.87 0.95 0.75 0.76 0.17 0.16 0.00 0.3 Methyl isobutyl ketone 85 JORECL 15 5
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0,10 0.5k 0.0 0.80 0,83 0.9 0.67 1.00 0.93 o.ko 0.80 Butanol, 100 ml; HBr, 10 mlj Water, K10
0.1~ 90 ml (Two Phases)
1.00  1.00 Bfgge,r 1.00 1.00 1.00 1.00 1.00 1.00 0.60 0.92 Butanol fraction of #35+HEr, 20 ml K10
1.00 % 1-00 1.00 1.00 1.00 1.00 1.00 0.65 0.78 Butanol fraction of #35+EEr. 60 ml K10
003 0.30 é:ég 0.0 0.28 o0.26 0.24 0,05 0.56T 0.0  0.02  Phenol shaken with 2FHC1 2
0.68 0.68 0.90 0.76 © 0 0.10 0.0 5-Collidine shaken with water’ P6
0.76° Q,65 0.78 0.76 © 0.38 o 0 o] 0 S-Collidine shaken with D.JFHNOq B3
0.1 0.25 0.03 Butanol sat. with lE'BN03 cont . P5
0.5% benzoylacetone
0.24 0.30 0.k2 0.07 Isopropanol cont. 5% water and 18
10% HEO (c)
0.46 0 0.63 1.0 0.96 0.80 0,11 © 0.8 0.93  Acetone, 9;,- 6REC1, 5'¢ ) W7
0.60 0.40 1.0 0.26 © 0.16 0.93  Acetope, 95; O.5NHCI, 5(° () w7
0 o4k 0.76 1.0 0.80 0.82 0.26 0.26 0 0.98  Acetone, 90; 5% aqu. Tartar%c ®Jacia, 10 WY
0 0.45 0.68 1.0 0.83 0.83 0.08 0.45 0.35 0.96  Acetone, 90; 5% NepHPOy, lol¢ ) w7
0 0 1.0 1.0 0 ) 0 1.0 Acetone, BO; Methylacetate, 20(¢ ) W7
0 0,37 0.45 1.0 0.13 0.13 © 0 0 0.98  Acetone, 95; 10% aqu. Antipyrine, 5'C; W7
0 o] 0.46 1.0 0.77 0.77T © 0 0.23  0.92 Acetone, 95; 5% agu, th%o acet.amide,s(c) w7
0 0.23 0.33 1.0 o.h 0ok 0 0 0 0.91  Acetome, 95; gl. HAC, 5¢) w7
0.97 0.9 0.75 0.7. 1.0 1.0 0.7 0L 0.8l 0.91 5% aqu. Tartaric acid(ce ) W7
0 0.3 0.3 0.k 0. 0.7 © Water sat. with Aniline'®s w7
0.22 0.k2 0.10 0.05 0.58 0.0 0.2% 0.31 0.03 0,02 Butanol, 50 ml; 0.1FHFO3, 50 ml B4
Benzoylecetone, 0.5g
0.78  0.64 0.79 0.78 0.0 0.38 0.0 0.0 0.0 0.0 Collidina, 50; O.4EENO3, 50 Bl
o.2k  0.18 0.08 0.18 0.78 0.0 0.43 0.ko 0.15 0.62 Dioxan, 100 mlj HNO ] B4
. Phenazone, 1lg; weter, 2.5 ml
0.25 0.0 0.81 0.50 t-Butancl, 4O; Acetone, 40; sS1h
water, 12; HNO3, 8(2)
0.40 0.32 0.90 0.15 0.76 t-Butanol, 40; Acétone, 40; water, J_}] s14
6RHNO3, 4.5) Acetylacetone, L.5(e
0.27- 0.55- 0.87- 0.17- 0.31- 0.65- gy lather, 50; Metbanol, 30; Pl
0.36 0.66 0.95 0.25 0.41 0.78
0.h4- 0.18- 0.66- water, 20; BNO3, 2
Ethylether, 50) Metbanol, 30; water, Pl
0.53 0.29 0.75 22 ENO3, &
0.15 T 0.03 0.95 O0.77 1.25- 0,02 1.18 0.kl  0.95 Butanol sat. with 10% HEr JARN
044 0.36 0.39 0.69 0.69 0.2 0.51 Isopropanol, B?’ gl. HAC, 10) BS
water, 16(e (8)
8.15 SﬁgE) Butanol sat. with 1NECL c6
(RaD  (ReE)  pmutanol, 50; Propanol, 50;,shaken Lik
g5- 0.85- 0.8 0T 0.2 with T4 Luroy, awmos()
9. 1.0 107 0.0 0.0 lumE, 08 16
0.0 0.88 O 4NH.504 16

(=)
(b

Circular paper used.
)Each solvent including the one-phase m.«tureB was prepared by shaking 100 ml of Butanol with 100 ml of the HC1 solutionm.
c)Vapor supersaturated with solvent.
Other R, values measured; §i, 0.08; Po, 0.8,
(E)O‘ther elemente separsted on same chromatogrem: Te, 0.47; Be, 0.72; Po, 0.97.



geparated qulckly and cleanly on a clrcular disc of fllter paper

that had been -impregnated with an acetone salutlon of dithlzone

and dried in air (N5). The solvent used was 0.1 N nitric acid
and acetone 1n 10:1 ratlo wlth concentric rings of Hg, Cu, Bi,
Cd .and Pb appearing after the separation. It 15 notable that

in this case the lead fraction moved wlth the salvent front
ahead of .the other elements. These data are not included in
Table XX due to nonavallability of the Rf values for the varilous
fractlons. _

A more detalled study of the use 6f dithlzone in paper
chromatography has been made by Venturello and Ghe (V4). In
this work the papers were lmpregnated with buffer solutions of.
varylng pH, the elemerits were put on the paper as dlthlzonates
by evaporatlon from a dilute dlthilzonate solution and various
alcohols were tried as solvents. Filgure 38 showa the result with
methanol solvent. Agaln at low pH values the lead moves ahead
of the other elements but in the absence of buffer (polnt
marked NT) the lead remalned at the origin. This behavior
suggests some very useful separatilons. '

Paper chromatography has been used by a number of

b°10), RaE(B1210) and Rar(Po?l9)

workérs for separation of RaD(P
.mixtures. Levl and Danon (Ll4) used a ‘butanol-propancl mixture
~which had been shaken with a nitriec aeild, lithium nltrate solu-
tion (1tem 63, Table XX). Using Wﬁatman No. 1 paper they

obtalned separation in 18 hours at room température. No
‘difference 1n Rf values were obtalned with or wlthout weighable
quantities of lead and blsmuth carriers.

Frierson and Jones 1lnvestlgated thé use of two solvent
systems for RaD, E, F, separations. The first solvent mixture
used was made up of 50 parts butanol, 15 parts.pyridine, 5 parts
hydrochloric acid, 10 parts acetic acld énd 10 parts water. The
second was 60 Parts butanol, 12 parts hydrochloric acid and 1 part

concentrated sulfurile acld. In both cases the presence of
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38. Hf values for chromatographic separatlons of a number of
elements on fillter paper as a functlon of pH for methyl
alcohol solvent. From G. Venterello and A. M. Ghe, Anal.
Chim, Acta 10, 335 (1954).

welghable amounts of lead or blsmuth carrier 1influenced the
separatlons obtained. The chromalograms for both sets of sol-
vents are shown schematically in Figures 39 and 40.

Perhaps the most attractive feature of fllter paper
chromatography 1ls the ablllty to make fast, quantitative
geparations of simple or complex mlxtures. The use of circular
paper wlth central solvent feed lncreases separatlon speed due
to the two-dimensional flow of the solvent. In addltlion the
solvent flow rete can be adJusted over moderate limlts by
charging the width and length of the tab or wlck whlch delilvers
the solvent to the center of the paper (L15). By using
circular paper Martin (M15) has separated lead from copper,

arsenlc, sllver, cadmium, antimony, mercury and blsmuth in
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39,

4 AND Pb E

Pb AND Bi Pb CARRIER Bi CARRIER NO CARRIER
CARRIER

Representative chromatograms showlng separation of
RaD (szlo), RaE (Bizlo) and RaF (PoElo) and the influence
of added carrler for butanol-pyridine-acetlc acid solvent.
From W. J. Frierson and J. W. Jones, Anal. Chem. 23, 1447

(1951).
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40,

Ra DEF

Pb AND Bi Pb CARRIER Bi CARRIER NO CARRIER
CARRIER

Representative chromatograms showing RaD-(Pbglo), RaBE (B1210)

and RaF (PleO) separatlions and the Iinfluence of added carrier
for butanol-hydrochloric acid-sulfurlc acid solvernt. From

W. J. Frlerson and J. W. Jones, Anal. Chem. 23, 1447 (1951).
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90 minutes using a butanol-thlocyanlc acld solvent on
Whatman No. 41 paper (i1tem 1 of Table XX). The solvent flow
rate can be lncreased wlth attendent decrease 1n separatlon
time by rotating the clrcular chromatogram during development
at speeds ﬁp to 1800 rpm (I7).

The 1se éf a solvent of hlgh wettling power can also
speed séparations. By ascendlng caplllary flow of methanol
5 volume per cent hydrochloric acld on 1.5 c¢cm x 9 c¢m Whatman
paper strips, lead has been Beﬁarated from soll samples 1n 30
minutes (H13). The lead remalned near the origin and was separated
ffom bismuth, copper, cadmlum, mercury, iron, aluminuﬁ, magnesium,
zlne, cobalt, nickel, and tin which moved up the paper 1n a mixed
band. _ '

Warren and Fink (W7) have combined solvents of high
wettling power, a thick absorbent pape; having high wettabillty
and supersaturation of the chamber with solvent Qapor to aéhieve
quantitatilve separatioﬁ of microgram quantities of complex mixtures
in 2-15 minutes. The soclvents used were acetone contalnlng varying
amounts of complexing agents and are indlcated 1n'1tems 43 to 52
of Table XX. The paper used was 0.1 1n thick Eaton-Dlkeman
Grade-301 whilch had been pufified by dowhward perC§lation with
nitric and acetlc acld (see section B). - Solvent vapors were intro-
duced continuously during the development by paasing air through
a flask of the bolling solvent and into the chambér. It was .found
that the solvent moved about 20 cm 1n 15 minutes by ascending
caplllary flow and that for eiements whose Rf-values were separated
by about 0.5 units or more, adequate separgtion could be attalned

in two minutes (WT7).

E. Related or extended separatlion methods.
In some cases useful separatlions can be obtailned by
using more than one solvent 1n successlion. The flow of the

second solvent can be elther parallel, antiparallel or normal
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to the flow of the first. Pollard, McOmle and Elbelth (P5)
have described a number of separatlons of this type. The workers
recommend washing the paper wlth carbon tetrachlorilde and drying
1t between solvents (P5). A separation of mercury, lead,
copper, blsmuth and cadmlum based on thls principle and using -
Inorganlc solvents has been described by Imal (I6). . The first
solvent was 4 N ammonlum hydroxide. The copper, mercury and
¢admium moved along .the paper (Rf values 0.85-1) and were
separated from lead and blamuth which remaiﬁed at the orilgiln.
The copper, mercury and cadmlum were separated by developlng with
a mixture of 0.3 N potasslum lodlde and 0.5 N potasslum carbonate
normal to the directlon of the filrst solyent. Lead and blsmuth
were separated by using O.4 N sulfuric acld. Lead remailned at
the origin, blsmuth moved close to the solvent front (I6).

A related technlgue in which & vertlcle paper strip
1e intercepted.at intervals by hdrizontal strips normal to the
maln strip has been proposed by Tewarl (T5). A_single solvent
18 used and separations of lead from mercury, sllver, copper
and.bismuth are described (T5).

In the presence 6f macroquantitiles of Impuritles 1t
1s sometlmes deslrable to use a column packed wlth a slurry of
filter pdlp instead Qf a regular paper. The order and relatilve
posltions of the varlous fractlions for a glven solvent can be
eétimated from the Rf tabulation, Microgram quantitles of

210) and RaE(B121O) and macroquantities of mercury and

RaD( Pb
gold have been separated by this technlque.(F1l). The mixture
was loaded on a 40 cm x 17 mm dlameter column of Whatman No. 1
ashless cellulose.powder in a 3 N hydrochloric acid. The gold,
mercury and polonium (RaF) came off first and quantitatively.
About two column volumes later the carrier-free blsmuth-210
(RaE) came off and finally, one or two column volumes later

carrler-free lead-210 (RaD) was eluted. The entire procedure

requlred about 90 mlnutes.
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_ Migration of ions under the Influence of an applled
field on fillter paper wet wlth various electrolytes hﬁs been
studled by Majumdar and co-workers (M16)(M1l7). Using simple
equlpment and an applied blas of 150 volts for 5 hours some of
the species.have been observed to separate by more than 12 cm.
Although a number of lead separations have been demonstrated
(M16) this technlque does not appear to offer significant
advantage 1n speed or convenlence over standard chromatographic

procedures.

10. Electrocanalytical separatilons.

Seleétive electrodeposltion was used verj early for-
geparation af "radlolead" from radlum or thorium samples. The
early applicatlons are revliewed 1n the book by Rutherford,
Chadwilck and Ellis (R5). More recent techniques and applica-

tlons are covered by Lingane (L4).

Controlled Potentlal Analysils with Platlnum Electrodes’

Differences 1n the reduction potentlials for copper,
_ blsmuth, lead and cadmlum wilth a dropplng mercury electrode
has been seen in Figure 12.. Simllar differences exlst i1f a plati-
num electrode 1s used providing a suitable depolarizing agent 1s
employed to prevent excess ﬁolarization at the anode.  Hydrazine
hydrochloride or hydroxylamine hydrochloride are the usual.
depolarizers (L4).

Erbacher and Phillip have used 7% nitrilc acid solutlon

210) from old radium

for gontrblled potentlal separatlon of RaD(Pb
golutlons contalning large amounts of 1lnactive impurities (E5).
It has subsequently been found desirable to control
the pH of the solutlon and to introduce tartarate lon to
prevent radlocolloldal formatilon of easlly hydrolyzed specles
(such as Sn and Bl) (L4). Conditlons for successlve, gquantita-

tive separatlion of copper, bismuth, lead and tin by controlled

potentlal deposition onto a platlinum cathode has been deter-
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mined by Lingane and Jones (L16). The separation was carried
out from a 0.25 M tartarate solution to which 1 gram of
hydrazine hydrochlorlde had been added per 100 ml. of solution.
The solﬁtion PH was adjusted to 5.8-6.0 and copper was
deposited at -0.30 volts vs. a standard calomel electrode
(8.C.E.), bismuth was depcsited at -0.40 volts and lead at
-0.60 volts. The solution was acidified to pH 2 or less and
tin was deposlted at -0.60 to 0.65 volts. The cathode was
removed whille rinsing wilth dlstilled water after each
deposition was complete (1ndlcated by reduction of

current to a constant minimum value) and a clean electrode
introduced. The separation takes about four hoﬁrs for up to
100 mg amounts of each metal (I116). . Moderate amounts of
nitrate or sulfate were not found to be obJectionable.

Alfonsl indlcates that 1t 1s advantageous to add
succinic acid (making the solutlon 0.1 M) to the solution in
separation of copper, lead, antimony and tin (Al), and to
begin the lead deposition at -0.60V vs S.C.E. 1ncreasihg to
-0.65V at the end of the lead deposition. He has used this method
to separate lead from tin from lead-tin solders (A3). Under
similar conditions (0.1 M succinlc acid, 0.1 M KC1l, 0.06 M
hydrazine and 0.3 M tartaric acid, pH 5.9).' Ishlbashl, Fujlnaga
and Kusaké have studled the completeness of the separations and

the recovery yleld for lead and blsmuth by using ThB(PbelQ)

tracer
(I8). They find the mutual separatlons to be godd:for up to
50-100 mg of each of copper, bismuth and lead although a small
amount of lead remained in the solution.

An attempt to make the separatlion even more selective
for bismuth and lead by addltilion of ethylenedlamlnetetraacetlc
acld (EDTA) to the solutlon has been reported (H14). In this
method, the bilsmuth was deposlted on the cathode from a pH
3.5-5.5 dilute nitrate solutlon to which a slight excess of

EDTA had been added at about 60°C wilith a voltage of 1.2 volts.
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After adjustment of the pH to 6-7 the lead was deposited at
40° and a voltage of 2.5-4 volts (H14). '
In attempting %o separate carrier—free.ThB(PbZle) and

ThC(Bile) from o0ld thorium samples Harrison, Lindsey and

Pnillips found that in order to maintaln the correct cathode
potentlal, lead and blsmuth carriler had .to be added to the
solutlon (H15). The amount of inert materilal required was not

15 grams could be plated onfo

great, however, and as low as 10~
the cathode successfully. Rogers has alsq investlgated the
separation of ultramlcrogram quantlitles by controlled potential
analysls and finds that the optimum deposition potential can
change as much as 0.5 volts in going from macro "multilayer"
depogits to fractional monolayer deposite (R6). It was aleo
found that codepositlon of macroquantlitles of other matileral
could also alter the deposltlon behavlor of trace constltuents.
One of the attractive features of controlled potentilal
Separations 1s that the deposit can often.be used directly for
radloactlvity measurements (R3). An exampie.of tailloring the
shape and slze of the éathode to fit a glven counting require;
ment 1s shown i1n Figure 41 which shows the plating cell and
cathode configuration employed by Harriaoﬁ, Lindsey and
Philllps (H15). The dilsc shaped platinum cathode was pressed
into a diéc of heat-softened polyethylene to prevent the

ThB( Pb=12)

from depositing onto both sldes.
Under suitable conditlons, lead can be deposited

onto the anocde as Pbozy This appears to be selective and has
been used for lead.purification (E5)(U1). The optimum condition
for anodic deposition from nitric acid solution 1s 5-9% nitric

acld with about 2.5 volts applied (Ul). The PbO, can be easily

2
remcoved from the platinum anode by additlon of HNO2 (E5) or drop-

wlse additlon of hydrogen peroxlde to a nitric acld solution.
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Figure 41 Figure 42

Plating cell and platlnum disc cathode for controlled poten-
tial separatlons. From A. D. R. Harrison, A. J. Lindsey and

R. Ph1llips, Anal. Chim. Acta 13, 459 (1955).

Electrolysis cell for controlled potentlal separations wlth
a mercury cathode. From J. J. Lingane, "Electroanalytical

Chemistry", Interscience Publilishers Inc., New York, 1953,

-0

Mg [+ +

HtloCIt

/)7”‘;0/// 77/

Electrolysis cell for controlled potentlal electrodeposition

into a mercury cathode and slmultaneous removal of the
electrodeposited material into aqueous solution. From
M. Chemla and J., Pauly, Bull. Soc. Chim., France 20, 432
(1953). '
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Controlled Potentlal Analysis wlth a Mercury Electrode .

The reversability and reproducabllity of mercury
electrodes can be used to advantage for controlled potential
éeparations. If has been found that the-potentlal at which half
the element 1s deposited agrees closely with the polarographic
half-wave bbtential (19)(14). The polarographlc trace shown
in Flgure 12 can therefére definé the condltlions for clean and
quantitative separatlions of copper, blsmuth, lead and cadmlum
from a2 0.5 M tartarate solutlon. Such geparations combined with
polarographic'determinaﬁions have been used by Lingane fbr
separafion of theee four eleﬁents in a cell of the type shown 1n
Figure 42 (I4). The anode used was a sllver.wire wrapped around -
the stirrer shaft.

A disadvantage of a mercury cathqde 1s the necesslty of
removing the deslired product from the mercury before radloactivity
measurements can be performed. Thils, of course, 1s not a problem
1f an unwanted 1mpur1ty.is belng removed as 1n the removal of
macro ampunts of copper shown 1n Flgure 12. Iead can be removed
from the mercury by shaklng with a sultaeble oxidlzing solutlon.
Another technlque which.wdﬁld seem to warrant fufther investiga-
tion 1s to use a cell which allows the deslred activity to be
remerd from-the-mereury contlnuously during the deposition.

Such a cell has been used for separatlon of carrler-free
sodium—22 from magnesium solutions by éhema and Pauly and is

shown in Figure 43 (c7).

Internal Electrodeposiﬁioﬁ

If a nilckel foil of ﬁickel:powdef'is stirred 1in a

dilute (0.5 M) solution of RaD(Pb210), RaE(B1°'°) and RaF(Po

210y,
the blsmuth and polonlum wlll deposilt on the nickel leaving the
lead~210 in solution (R5). Thils has been used for separation of
bismuth isotopes from lead cyclotron targets (M18). Gold, mercury,

platinum, copper, sillver, palladlum ahd antimoﬁy.also deposit.
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If a sllver foll 1s used polonium (RaF) deposits in high yleld
(R5). Thus RaD, E, F can be separated from each other by first
stirring with a silver (to remove RaF) and then a nickel (to
remove RaE) foll. The lead can be removed from the resultant
solution by electrodeposition (B7).

The deposltion of blsmuth onto nilckel has been used by
Friedlander to achleve rapld separation of the 0.8 second
half-1ife lead-207m l1lsomer (F1l2). After adsorption of a
cyclotron produced bismuth fraction (containing bismuth-20T)
onto nlckel powder in a siﬁtered glass funnel, the lead-207m
daughter was separated rapidly and in high purlty by flowing
0.5 N hydrochlorlc acld through the funnel directly to a
scintillation detector.

; Sepafation of bismuth and polonlum from lead can

also be achleved by lmmerslng a hydrogen soaked platinum
electrode 1n a 0.1 M hydrochloric acld solutlon of the tracer
lead, biesmuth and polonium (E6). Nitric adid, bromine or other
substances whlch might polson the platinum electrode for
adsorptlon of hydrogen must be absent. Thls has been used for
separation of RaD from RaE and RaF (E6)(H5). This method does
not introduce nickel or sllver contamlnatlion into the RaD
golution or in the RaE or RaF when these are dilssolved from the

electrode.

Thin ThB(Pb°12) Samples

Carrier-free deposits of ThB(Pb?le) can be convenlently
prepared by collectling the ThB on a negatively-éharged platinum,
aluminum or gold wire or foll suspended over a thorlum deposlt.

The 52 second rare-gas member of the thorium decay chaln Rn220

egcapes from the thorlum deposit and decays to shortlived Po216
which then decays to ThB(Pb212) (see Pigure 2). The charged
recoll atom 1s collected on the electrode. The highest efficiency

(20%) of collection of the thorlum B was achleved by Morimoto and
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Kahn (M23) with a potential of 1200 volts on the collecting
plate. Varlatlon of the spacing between the plate and the'source
between 0.5 and 1.5 inches produced no slgnificant change in the
amount of actlvlity collected. Increaslng the relatlive humidity
from 30 per cent to BO per cent at 25°C produced a seven-fold
increase in collectlion efflclency for a solid thofium salt

source (M23).

11. Volatllizatlon separations.

Lead can be separated from rocks, minerals and meteor-
1tes by volatilization in ﬁ vacuum (M11)(I2). The lead 1s
volatilized at 1300-1400°C from carbon cruclbles and can be
collected on a water coéled, quarﬁz tube. Concentrated nitric

acld dissolves .the lead deposit.

12. Miscellaneous.
A. ‘Carrier-Free lead.

Separation of carrler-free lead samples from ilnert or
radioactive contamlnants present in macro or tracer quantitles- -
can be accomplished by any of a number of the wadys that have been
outlined in the foregoing sectlions on techniques. Ion exchange
(X8), solveént extraction (R7), and filter paper chromatography
(FlO)(Fll)'have all been used for separation of carrler-free
radlolsotopes. A precipitation separation of carriler-free lead
from thallium oxlde cyclotron targets has also been proposed (G6)
(WB8). 1In this procedure, the target matériai is dissolved in
nitric agid, sulfurous acild is introducgd to réduce thé tha;lium
to the univalent_state, the lead 18 carrled on a lron-III
hydroxlde precilpltate by addition of iron carrler and ammonlum
hydroxide. After disso;ution of the hydroxilde in hydrochlqric
acld, 1ron was extracted 1nto ethyl ether leaving the carrler-free
‘lead 1n aqueous solutilon.

. Thls discusslon wlll be condgrned with production of

carrier-free lead radloisotopes, purlty and purification of
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reagents, and storage and handlling of carrler-free lead solutions.

Sources of Carrler-Free Lead Radlolsotopes

The most common supply of carrler-free lead radilo-
1sotopes has béen natural radium or thorium samples. Due to
the presence of appreciable amounts of stable lead 1n pltech-
blend.which-is the principle source of radlum or in thorium
ores 1t 1s necessary to obtalin the carrler-free materlial from
a sample whilch has previously been puriflied from lead. A
coﬁvenient separation 1s that of diffusién of the noble gas
member of the radlium or thofium decay chain from the parent
material and 1ts subsequent decay to redioactive lead l1sotopes.
Very early in the.studies of radloactlvity 1t was found that
very high specific RaD(Pbelo) gources could be obtalned by
removing the "emenatlon" (Rn222) (see Figure 1) from a radiuﬁ
solutlon 1nto a closed glass flask, allowing 1t to decay, and
d1ssolving the RaD(Pb° C) from the walls of the collecting
flask (818). The practice for many years of concentrating
"emenation" into tubes or vials for medical use led to a rich
source of RaD from "spent emenatlon tubes" (B7). The diffusion

220

of Rn from thorium samples (apparently most efficlent from

thorium hydroxide precipltates) can also be used to provide a

source of tracer-free ThB(Pb212).

Due to the shorter half-life
of Rn220 (52 seconds) than its analog in the radium chaln 1t is
convenlent to éollect the ThB dlrectly on a negatlvely charged
wire or plate suspended above the thorium sample (H5).

The presence of radloactive decay products in lead
sources or tracers obtalned from natural sources 1s undesirable
fdr some applications. A number of lead lsotopes can be produced
in carriler-free form and 1n high yleld by hellum-lon bombardment
of mercury or by proton or deuteron bombardment.of thallium tar-

- gets. The 1lsotopes prepared 1n thls way and the relevant reactilons

are indicated in Table I.
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Perhaps the most useful cyclotron produced lead lsotope
for tracér use In terms of half-1life and decay characterlstlcs 1s
52 hour, lead-203. This 1sbtope has been'prepared by deuteron
irradlation of thallium-oxide powder by Garrison and Hamilton (G6)
who report thé thick tafget'yield of.1.5 microcurles per micro-
ampere hour of 1rradilation (for short, 10 hour or less, 1lrradia-
tlons) when 19 Mev deuterons are used. The isotopic ratio of
lead-203 to other lead 1sotopes'pr9duced 1s 3.4:1. Stable lead-204,
produced by a (é,n) reaction is the principle other contaminant.
The avallabllity of hlgh current proton accelerators (GB) make

203(

the T1 p,n)Pb203 reaction an attractive tool for production of

high activity carrler-free sources of.lead4203.'

“Reagent Purilty and Purification

Depending on the degree of purlty required, the proce-
dures necessary to exclude extraneous lead carrler can be extremely
involved or rather simple. The methods de&iaed'to obtaln extremely
high purity sam?les-will be reviewed. For most. (but not all)
radlochemical applications of even so-called "carrler-free" samples
such precautlons. are unnecegsary. Consequently, the purity obtaln-.
able by 1ess.refined_techn1ques wlll be indicated where sucb
informatioﬁ 1s avallable.

It should be noted ffom the outset that one of the
most serious and bothersome sources of lead contamlnatlon is
from volatile lead substances present in the alr and 1n airborne,
lead-bearing, particulate matter.. Thls alrborne lead is due in
large part to the wldespread use of lead 1n motor fuels. It 1s
therefore necessary that all equipmeﬁt and glassware be cleansed
thoroughly with speclally purlfied aclds and/or water before use.
Also, prolonged exposure of the sample to the alr should bé

~avolded if very hlgh purlty 1s required, It 1s especlally N _
important that long evaporations and digestions bé avoided (T6).

For preparatlon of carfier—free lead samples for mass-spectrographic
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analysis, Chow and McKinney (C8) found the following control
measures necessary: lead-laden dusts and aerosole were removed
from the laboratory alr by electrostatic precipltation and fi1l-
tratlon; laboratory floors were flushed wilith water twice weekly
and gelatin step pads were placed at laboratory entrances; glass-
ware and solutlons were covered with "parafilm"; and solutions
being heated and evaporated were contalned in borosilicate.glass
or teflon contalners (C8). The borosilicate glass evaporator
tank and cover used by Chow and McKinney 1s shown in Filgure 44,

A similar evaporation chamber has been used by Thier (T6).

Made from std. 4-liter beaker

5° 1ilt 3 posis, equally
spaced, one Is shart

T — /

Made from

s1d. 3-ll1er Condensale
beaker drain
F lushing gas
inlet
—

44, Borosilicate glasa evaporator tank and cover. From T. J. Chow

and C. R. McKinney, Anal. Chem. 30, 1499 (1958)..

The results of experiments conducted to determine the
magnltude of lead contamination from the alr are shown in
Table XXI. In these experimeﬁts, 500 ml of 6 N hydrochlorlic acid
was taken to dryness in the various envlironments in the time
perlod listed in the table. The evapcrations performed in the
ordinary-alr laboratory were in a Transite hood recently coated

with Tygon paint (C8).



Table XX
Lead contamination from air.

Time Amount of
Bealker Condition Laboratory Days Lead, 7
Teflon open ordinary alr 8 4.07
2.32
nitrogen- ordinary alr 8 ' 1.13
flushed con- . :
talner
open pure air 8 o 0.44
niltrogen- pure alr 8 0.18
flushed con- 0.13
talner
pure alr : 1. 0.02
Boroslilicate nitrogen- pure alr 1 - 0.03
glass flushed con-
tainer

From ref. C8.

Soft-glass often used for storage of mlneral acdds or
prepared reagents and solutions 1s a common source of lead con-
taminatlon. Borosllicate glass has also beén found to yleld
traces of lead (S5). The use of silica (85), Feflon (C8) or
platinum (T6) ware for heating and manipulating solutions reduces
lead contaminat;on from borosllicate glass. On the other hand,
Chow and McKlinney found that use of borosllicate glassware intro-
duced no more than O.i y of Jead per analysls and use of boro-
sllicate-glass 1s consldered satlsfactory for all operatlions and
reagent storage and purifilcation 1in determinatlon of lead in
foodstuff (L7) and biblogical samples (Al). Polyethylene bottles
have been found useful for storage of reagents and solutions (T6).

| Regular laboratory dilstllled water often contalns lead
in concentrations up to 0.1 parts per million. Passage of the |
distilled water through'lon exchange resln 1ls effective 1n
removing lead contaminatlon. One passage through a bed of amber-

lite IR-100 catlon exchange resin hﬁs been found to reduce the
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lead content of laboratory distilled wéter wlth an inltial lead
concentratlion of 0.055 parts per million to a concentration of less
fhan 0.0015 parts per million (S5). After five passes through the
resln the conéentratidn was measured at 0.0010 parts per million.
Thiers (T6) has found that Boston tap water passed through a

1.5 ﬁeter column of mixed IR-120 and IRA-410 resins (Rohm and

Haas Co.).showed'only 0.02 parts'per billion lead.contamination.
For many pufpoaes redlistillation from a borosilicate glass still
1s édequate (Al) this can yleld ﬁater of 0.0025 ppm lead content
from initlally 0.055 ppm water. Use of a fused silica distilla-
tion apparatus can glve water contalning less than d.l-ppb lead
contamination (M19). Some of the procedures used to remove lead

contamlnatlon from common reégents are outlined below:

Hydrochloric Acid

Reagent grade hydrochloric.acid cdntains up to 0.03 ppm
of lead (S85). Solutlon of anhydrous hydrogen chloride éas in
purified water 1s the usual method of obtalning the pure acid (C8).
Scrubbing the gas twlce 1n a bubble tower wifh triply distilled
water before dissolution reduces the lead concentration to 0.06 ppb
(T6). Very pure hydrochloric acld can also be obtailned by iso-
thermal distillatlon, e.g., by placing a dish of concentrated
hydrochloric acld and a dish of pure water (1n prlatinum, 8silieca,
or polyethylene) side'by-side in .an empty deslccator aﬁd allowing

to stand for a day or so (S5).

Nitric Acid

Up to 0.01-0.03 ppm of lead 1s commonly encountered 1in
reagent grade concentrated acid (S55). Redistillation of the
azeotrope (65% HN03-H20) 18 generally used for purification.
Redlistlllatlon 1n a borosllicate-glass sfill gilves adéquate purl-
ficatlon for many purposes (Al). If an extremely pure prodﬁce
is requifed (¢ 1 ppb} the use.of a fuséd éilica,condenaor has been

proposed (M11) but significant quantities of lead (at this level
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of purity) has still been found ‘to result (T6). Thus nitric

acid 1s one of the hardest purificatlion problems.

Hydrofluoric Acid

Strontium fluoride precipitétes wlll carry lead_
fluoride wilth high efficlency and can be used to purilfy hydro-
fluoric acid solutions. The lead content.can be reduced from
2 ppm of lead (not uncommon for reagent grade HF) to less than
0.002 ppm of lead by addition of 10 ml. of strontium chlorlde
per kllogram of hydrofluoric acld and flltratlon of the super-

natent solutlon.

Other Aclds

Sulfurlc, sulfurous, perchlorle, hydrobromle and
acetle aclds can be purlfied from lead by dilstillation 1n a
borosllicate glass or sllica dilstlllatlon apparatus, glving
purlty in the parts per mlllion or parts éer billion range

respectively (T8).

Ammonium Hydroxide

Solution of anhydroué ammonla gas 1n purejwatep glves
a high purity product (T6). Very ‘pure ammonium hydroxide
solutlons can be made by 1sothermal dilstillation as noted above
for hydrochloric acld. Ammonlum hydroxlde 1is bést kept in

polyethylene or ceresin-lined bottles (8S5).

Soluble Salts

Soluble salts may be purlfied by recrystallization in
many cases or 1f the salt is soluble 1n weakly basle solutilon
by extractlon of lead contamlinatlon into dilthizone dlssolved in

carbon tetrachloride or in chloroform.

Organic Reagents
In generéL organic reagents as obtalned in reagent

grade quallty are mﬁch freer of lead contamlnatlion than lnorganic
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reagents. Distillation or recrystalllzatlon will usually yleld
a very pure product. Puriflcation of dilthizone has been out-
lined in section IV-6-B.

Storage of Reagents and Solutilons

Interference wlth carrier-free lead determinatlons can
arise durilng storage of reagents or of tracer lead solutlons by
(1) contamination of lead from the contalner, (2) loss by .
adsorption of tracer lead on the container.or (3) contamination

by desorptlion of previously adsorbed lons.

Contamination of standard pH?2 nitric acld solutilon
stored 1in Soft glass (Kimble), bbrosilicate glass (Pyrex, 774)
and polethylene (Plax) contalners for twelve months has been
1nvestigatea by Thiers (TE). The results of this study are shown
in Table XXII. The polyethylene.container was.found to be the
only one of the three that did not introduce lead (as well as
other) contamination.- Preiss and Fink have noted that up to
0.1 mg of sollds can be removed per 100 cm2 of Pyrex glass in
a T2-hour exposure to 15% hydrochleric acid (P7). Similar
results have been obtalned for storate of 0.1 N sodlum hydrox-
1de solution (T6).

Loss of tracefs from solutlon by adsorptlon on the
contalner can occur from acldic as well as baslc solutions and
18 a functlon of the type of contalner used. Using a.number of
elements whilch are not plcked up from glass contalners in
storage, Thler found loss of nlckel, manganese, molybdenum,
vanadium, gold; platinum, ruthenium, and titanlum when stored
in 6% mineral acids in glass (soft glass or borosilicate glass)
for 75 days (T6). A smaller number showed losses when stored
in fused quartz and none showed losses when stored in poly-
ethylene. In storage of radioactive trécers, 1oss'of the tracer_
on the walls and contamination of the solution witH Inert materilal
can 6ccur slmultaneously. Polyethylene contalners are recommended

for_storége of reagents and solutione where possible.
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. : Table XXII
Contaminatlon of acld solutions by contalner materials durilng 12
months' storage. :

Contamlnetling Elements From

Pyrex Soft Glass Polyethylene
(r74) (Kimble) _ ' (Plax)
Al, B, Ca, Fe, Al, B, Ca, Pb, none
Pb, Li, Mg, Mn, 1, Mg, Na, Si, '
Na, Si, Sr Sr

From ref. T6.

It 1s 1mportant when worklng wlth ultra-mlcro amounts of
materlial, never to use glassware or éonfainers which have been
used for macro ambunﬁs of materlal especially.of the same element.
Even 1n§olved cleanling procedures have been found to leave pro-

hibltive amounts of material on the contailner.

B. Gaseous lead sampleswl

It 18 sometimes derirable to prepare gaseous compounds
of lead for mass spectrographlc énalysis or for measurement .of
decay characteristics. In particular the study of long lived
(5 x 107_yr) lead-205 which decays by electron capture
unaccompanled by gamma ray emlssion or of oﬁher electrdn—capture
1sotopes 1s facllitated by the use of a gaséous source whlch can
be i1ntroduced directly lnto the counting chamber for lncreased.
detectior efficlency.

Convenlerit methods for preparation of voiatilé tetra-
methyl lead have been developed. Most workers have used the -
reaction of lead-dihallde wilth the-grignérd reagent. The equation

for thils reaction 13:
4 0H3ng + 2 PoX,—> (OH3)4Pb + Pb + 4 MgX,

Lead tetramethyl results'in fifty per cent yleld. After separa-
tion of lead from mineral samples, Bate, Mlller and Kulp (B8)
then treat the dilchloride with excess methyl grignard reagent to

accomplish the converslon. The excess grignard reagent is then
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hydrolyzed and tetramethyl lead 1s separated from the agueous
solutlon into ethyl ether. Separation from the ether 1s accom-
plished by fractional distillation (B8).

A superlor method, 1n terms of yleld, for. preparation
of_tetramethyl lead utllizes reaction of lead dlhalide with
methyl llthium reagent énd methyl lodlde (G?). The general

equation for thils reaction 1s:

3CH3L1 + CH3I + Pbxz——%>(CH3)4Pb + 2 LiX + LiI

V. Dissolution of lead samples.

Lead metal 18 easlly dissolved 1n nitric acld. Lead
dioxlde which 1s occasibnally used for cyclotron targets or is
sometimes produced during separations by anodlc oxldatlon can be
dissolved 1n nitric acid by dropwlse addltlon of hydrogen
peroxide.

Lead can be recovered from.mineral sampleé by sodium
peroxide fusion (R3)(R8) followed by dissolution of the melt in
nltrice aéid. For many roék and soll samples, leachlng with hot
dilute (I.:3) nitric acid (H13) or with hot concentrated sulfuric
acld followed by nitrilc acid (P2) or with a sulfuric acid-
hydrofluoric acid mixture (I2) has been found to be adequate.
Use of sulfurlc acld should bé avolded 1n samples contalnlng large
amounts of calcium. The use of hydrochloric acld to dlssclve or
leach mineral samplgs frequently glves lncomplete lead recovery
due to the presence of lead minerals (pyrite, chalcopyrite,
barite, etc.) which are insoluble in hydrochloric acid (S19).
Quantitative lead recoverles of lead from rocks, mlnerals, Stone
meteorites and 1ron meteorlites by volatillzation at l300°—14dO°C
in a carbon crucible in & vacuum has been reported (I2)(M11).
The lead in mlcro or macro quantities can be collected on a
cooled quartz tube (M11).

Methods for recovery of lead from blologlcel samples

have been freqdently described and much discussed 1n the lltera-

109



ture. Teapot wars have been waged between dry-oxldatlonlsts and
wet-oxldatloniste, between properchloric acld users and antiper-
chloric acid users. According %to Gorsuch (G4), of 250 investil-

gatlons reported in the literature, 51 per cent used wet

digestion with the remaining 49 per cent uSing ashing procedures.
Crltical reviews appear to convince few except the reviewer of
the effilcacy of a "preferred" method. There are apparently a
number of technlques whlch can be used for guantitative recovery"
of trdces of lead from blological or other 6rganic gsamples. These
willl be brlefly reviewed{ the advantages and disadvantages df
each will be polnted out when known. The most comprehensive
review of the subject 18 the recent peper by Gorsuch {(G4)..

Direct oxidation by nitric and perchloric acids have
been used by many workers. Such methcds have been shown to gilve:
guantitative lead recovery from a wide varlety of samples (G4).
The use of perchloric acld 1s_consideréd unsafe by some (M20).
This worker has found nitric and perchlorlc effective for
recovery of lead from cellulose but less easlly handled if the
sample'contains much animal fat. A scheme for controlling the
oxidation by perchloric acld by controlling the tempefature has
been proposed by Smith (820). By refluxing the vépors, the
concentration of perchloric acid can be kept constant and
lnereased 1n small, carefully controlled stages. The boiling
point of the solutipn is used to 1ndicaté the perchloric acid
concentratlion at each stage of the process (520). An advantage
of wet digestions generally and nitric and perchloric acid
digestibns in particular 1ls thelr convenlence and gpeed (5 to
30 minutes) as well as the complete lead recovery obtalned.
A possible disadvaniage 1s the large quantities of nltrilc acid"
sometimes required with attendant contamlnation by lead in the
acld. .

Sulfuric acid dlgestion either alone or in conjunction

with nitric acld has been used to dilssolve organic materials wilthout
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the danger which sometimes accompanles the use of perchloric. acid.
Such dissolution methods often'lead to loss of lead. . The
mechanism of loss is principally-coprecipitation of lead on
ineoluble residues as lead sulfate. The amount of loss 18 some-
what dependent on the amount of calcium present. Up to 70 per cent
of the lead has been lost 1n dissolving drled milk samples 1in the
presence of sulfuric acid (@4) and losses of up to 10 per cent
were observed for samples having a comparatively low calclum
content. In general the use of sulfuric acld should be avolded
1f quantltatlve lead recovery 1ls sought..

An exception to the above reservation about the use of
sulfurlc acld appears to be 1n the method of Mlddleton and
Stuckey (M21). In this method the oxldation 1s done principally
by nitrlc acld with a small amount of sulfuriec acid'added to
moderate the reactivity of the "char" and thereby prevent -
lgnition. The oxidétion 18 atarted with nitrilc acld as con-
centrated as can be tolerated witbout excess vlolence (50% 18
recommended) to which a small amount of sulfuric acid (~ 2 ml)
has been added. This is evaporated.until the nltric acld 1s
remerd and a black "éhar" remains. Fuming nitric acid is then
added untll the oxidation 18 complete, Thils method has been
shown by radloactlve tracer methods to give complete recovery
of lead 1n samples containing low levels of calcium (G4)(M21)
but should brobably be avolded 1f large ambunts of calclum are
present. The maln disadvantage 6f the use -of nltric acid alone
1s the posslibility of self-i1gnition of the blackened residue
after évaporation of the inltlal nitric acld solution. This igni-
tion, which leads to serilous 1os§es of lead and other volatille
constituents, 1s often initiated by addition of fumilng nitric acld
to the "char". It 18 the experience of the author that addition
of dillute nitric acld follpwed by small amounts of perchloric acid
reduces the danger of self-igniltion of the resildue and 1ntroduces

the perchloric acid at a stage In the process where the danger
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of a vliolent reactlon 1ls substantlally reduced.

Ashing procedures of many kindes have been descrilbed in
the literature. These are freqQuently time consuming and can
introduce considerable error by elther lead loss or contamlnation.
Some of the factors affectlng lead recovery are:

1. Temperature of oxidatlon. Loss of lead, except 1n the
presence of chloride, appears to be unlmportant at temperatures
below 450°C 1in the absence of sulfate ashing acids (LT)(GM)(AM)
(PB) and below 550°C for sulfated -samples (A4)(GA4). Above 550°C
the losses by retention on the crucible (at least with silica)
as well as from volatilization lncrease sﬁarply (ad).

2, The chemlcal and physlcal nature of the organlc materilal
‘can effect the behavior of lead. The presence of chloride
either as lon or as organically bound chlorine can lead to
serlous losses of lead even at temperatures below L450°C. Addition
of sulfurlc acld reduces the loes in the presence of chloride lon
but has little effect 1n the presence of covalently bound chlorine.
This suggests that all dry oxidatlone should probably be avolded
1f chlorine 1s present or suspected 1n the sample.

3. The cruclble material used or 1ts history can influence
the amount of lead tracer retained by the crucible after dissolu-
tion of the ash. Under rather extreme conditions (lead present
as niltrate, heated to 630°C for 16 hours), ‘Gorsuch (G4) found
retention of up to 74 per cent on new sllica cruclbles, 24 per
cent on used sllica cruclbles and 2 per cent on used platlinum
crucibles. .

4, Ashing alds have been found to be unnecessary unless the
ash content .of the sample 1is low in which case addition of a few
mg of magneslum nitrate or boric acid is beneficial (@4)(L7).

The use of nitric acld gives a clean ash readlly soluble in
hydrochlorilic aclid but 1f added when much carbon l1s present 1t
can lead to much deflagration and loss of lead. The use of

sulfuric acld tends to retard the oxldation of the organic
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matter but lessens the chance qf loss of lead by volatillization.
In the latter case dissoclution of the lead sulfate produced
presents no problem unless large amounts of calcium ére preagnt,
5. Onntémination of a carrier-free sample by alrborne
contamlnatlion durlng the long charring and lgnition periqu
must be considered in some casesa. Thilers (T6) has pfoposed
the followlng method to avold thils difficulty: the sample 1s
placed 1n a clean platinum contalner and placed under an
evaporation cover and on a hot plate through which a current
of filtered alr or niltrogen gas 1s passed. A 250 watt Infrared
'lamp placed above the glass cover 1s used to dry.the sample
slowly at first untll the water has evaporated and the sample
appeﬁrs dry and brittle. The heat from the lamp 1s then auS—_
mented by heat from the hot plate under the apparatus untll the
samﬁle assumes a. charred appearange. The platinum dish 1s then
_ placed in a sllica-lined muffle furnace at 250°C or less. The
‘temperature 1s increased slowly to 450°C and kept there untill
the sample 18 ashed coﬁpletely.

. Lead can be recovered from ashlng resldues by bolling
in 6 N hydrochloric acid and filtering the supernatent liquid (T6)
(P8)(L7). The use of sulfuric, acid during the ashing does not
appear_t6 interfere with completg lead recovery by thls method
(Ak) (GL).. |

VI. .Couhting techniQues}

The lead isotopes most often used ﬁs.traéefs are
lead-203, lead-209, lead-210 (RaD), and lead—212_(ThB). .Coqnting
technlques for these 1sotopes wlll be outllned buf fhe same
techniques.cén be édapted to other lead lsotopes which may' be
eﬁcountered. . _ . _.. .

Leﬁd—203, produced by.thé réaction of protons or

deuterons on natural thallium or heiium lons on mercury—eoi,

18 useful for carrier-free tracer studles. Counting of the 279 kev
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gamma radlatlion ln a scintillatlon detector is the most convenlent
" detection method. The alternative 1s fo count the X-rays and
auger electrons resulting from the electron capturé}decay in a
windowless proportional detector with the attendant difficulties
imposed by absorption of the Tow energy radiations in the source
materlal.

Lead-209, produced by neutron capture in lead-208 is
a pure beta emitter with beta end point energy of 0.635 Mev.
Measurement of the beta counting rate requires that corrections
for self-scattering and self-absorption in the source be appliled
in order to get conslstant results between duplicate samples of
different weight (N6)(B9). 1In cases where absolute disintegra-
tlon rates are required, counting in a 4-pl gas-flow prbportional
detectbr-is.recoﬁmended. A number of artlcles are avallable
which describe the 4-pl beta counting technique (P9)(L17)(M2L).
The prlmary'requiremént 1ls that the sample be as weightless as
posslble. A number of technlques for chemlcally séparating
carrler-free samples are described 1n sections IV and VII of
thls report. .

Lead-210 (RaD) 1s difflcult to measure directly because
of the low energy of the beta particles (17 kev) and gamma radia-
tlon (47 kev, largely converted) accompanying 1ts decay. When-
ever posslble 1t 18 desirable to measure the 1.15 Mev beta
radlation of the daughter, bismuth—2lOI(RaE). The half-l1ife of
bismuth-210 is 5.0 daye so 1t achleves effective equlllbrlum with
the lead-210 1n a one to two moﬁfh bériod follqwing the:final
lead-blsmuth separation. Couﬁfs'made before equilibrium is .
attalned require that sultable correctiéns for daughter-growth
be applied (F13). In some cases, 1t 1is coﬁvenient to count the
5.31 Mev alpha particles from the polonium-210 (RaF) granddaughter.-
Thile reqﬁires that the source be thin and bécause of the long half-
1ife of polonium-210 (138 days), granddaughter-growth corrections

(F13) are almost always required.
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Lead-212 (ThB) can be counted directly by the 0.355 and
0.589 Mev beta particles or the 0.239 Mev gamma ray 1ln its decay.
‘The low energy of the beta particles and the hilgh absorbing power
of lead samples make reproduclble qf accurafe counting, by using
the beta partlcles alone, very diffiéult because of large and
uncertaln corrections due to absorptlon in the sample (N6)(B9).
Scintlllation counting of the 239 kév gamma radiation 1s pre-
ferred. Absolute counting rates can be cdnveniently obtalned
with high precision by use of 4-pl beta-gamma colncldence tech—
niques (C9). For thin samples, detection of the 6.09 Mev alpha
barticles from the bilsmuth-212 (ThC) daughter or the 8.78 Mev
alpha particles from the polonium-212 (ThC') granddaughter 1s
especlally attractlve. Both the daughter and granddaughtef
activities reach equillibrium with the lead-212 within twelve
hours after separation and the alpha particleé can be detected:
wlth hlgh preclslon and accuracy 1n a windowless or thin-window
pfoportional counter. An attractive feature of the élpha par-
ticle detection 1a that background radlatlon due to natural beta
emitters or cosmlc radiation can be eiiminated by.setting the
detector dlscriminator level to detect only the energetlic alpha
radlation. . . “ o

For beta partlcle counting, lead samples are frequently
welghed and mounted on fllter paper or 1n-coﬁnting planchets as
lead chromate or lead'suifﬁte. -It 1s convenlent when gamma
radlation can be measﬁred, to use é well;fype scintillation
detector. In-thils case the sample can be left in solutlon,
perhaps.even in the solution used for 6ne of the sensitive
colorimetric ylelding methods outlined in mection IV-6. PFinal
separatlon of lead by controlled potentlal electrodeposition (or
gaseous electfodepoéition in the case of ThB) as outlined in
sectlon IV-10 can result 1n a stable, thin, uﬁiform sample that -
can be counted directly (H15). If a -chemlcal yleld 1s requlred,

thls can be obtailned elther by welghing the counting plate before
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and after the deposition or perhaps* better, by a colorimetric

method after the counting 1is completed.

VII. Collected radiochemilcal procedures.

A. . Procedures for mllking lead daughter activity
_from_bismuth or polonlum parents. .

Procedure No. 1. Anlon exchange separatlon of
short-llved carrler-free lead lsotopes from bilsmuth parents..;..

Stockendal, et.al.

Procedure No, 2. Precipltatlion separation of lead from

bilsmuth parent activity,....Neumann.

Procedure No. 3. Separation of lead from polonium
parent actlvity..... Karraker.
B. ‘Separation of lead from natural sources, mostly
carrler-free,

Procedure No. L4, Separation of RaD(PbElO) from old

radon ampules by dithlzone extraction .Boussleres and Ferradinl.

Procedure No. 5. Electrolytic separation of ThB(Pbglz)

from thorium nitrate.....Harrlson, et.al.

Procedure No. 6. Rapld separatlon of carrler-free

210)

RaD( Pb from Pt, Au, Po and Bi by paper chromatography.....

Warren and Flnk.

Procedure No. 7. Separation of carrler-free RaD(PbelO)

from micro amounte of Pb and Bl and macro amounts of Hg and Au
using cellulose column chromatography ..... Fink et. al
Procedure No. 8. Anion column Separation of carrler-

free RaD(PbElO) 210)

, RaE(B12lo) and RaF(Po ..... Hyde and Raby.

. .Separatlon of lead frcm cyclotron targets and.
complex mlxtures.

Procedure No. 9. . Preparatioh and isolation or.carrier-
free Pb?°3 from thallium..... Haymond, et.al.

Procedure No. 10. Separation of. lead from thallium

cyclotron targets..... Karraker.
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Procedure No. 11. Separatlon of 1ead from mixed fission

products..... Anon.

Procedure No. 12. Separatlion of lead from mixed fission.

products..... Osborne.

Procedure No. 13. Separation of lead from complex mix-

tures by contrelled potential analysis.,...Lingéne and Jones.

Procedure No. 14; Separation of lead from neutron-

activated samples of stoney meteorites.....Reed, et.al.

Procedure No. 15. Separatlion of carrler-free lead from

organlc materlals..... Anon.

Procedure No. 1

Separation of short-lived carrler-free 1ead'isotopes
from bismuth parents.
From: R. Stockendal, J. A, McDonell, M. Schmorak and

I. BerstrBm, Arklv flir Fysik 11, 165 (1956).

' Bilsmuth parents (B1199f201’203’205) produced by bombard-
ment of natural lead with 25 Mev deuterons or protons of up to

70 Mev energy. .

' 1. Dilssolve lead target In concentrated nitric.acid.
2. Add hydrochloric acid, and cool solution in an ice bath,
3. Separate the PbCl2 preclpltate by centrifugation and
" decant supernatent liquld into a clean tube.

4. Boll solution with additlon of concentrated hydrochlorilec
acld until nitrlc acld 1s completely destroyed, and
evaporate to a small volume.

5. Dllute with water untll the hydrochlorilc acld concen-
tration is ~ 0.3 M, _

6. Pass through a jacketed column, heated to 82.3° by

refluxing i1sopropyl alcohol and packed wlth Dowex-1



Procedure 1 (Continued)

anlon exchange resin, 200 mesh. Wash column with 0.3 M
hyarochldric acild.
7. The blemuth 1sotopes are retalned firmly on the resin,
'the lead 18 removed. After a sultable growth pefiod,
léad daughters can néw be éeparated from the blsmuth by
rapldly passlng 0.3 M hydrochlofic acld through the
column, under pfeséure and collecting 1£ 1n a sultable

contalner for counting,

Reviewer's Notea:

1- Thls separation or varlants have beeh widely used to
study short-lived lead isotopesa. The method does not
have general appllcabllity but is 1ncluded as being
illustrative of the géneral class of mllking experl-
ments.

2- .At slower column flow rates than used here, 1t is not
necessary to heat the.éolumn aﬁo?e room tempeféfufe;
Indeed, the bismuth 18 so firmly held by the resin 1t

18 not clear that heating 1s necessary in thils case.

Procedure No. 2
; Precipitatlon separatlon of 1ead_frpm blsmuth parent
activit_y7 _
| .Proqedﬁrg 82-2 from W. W. Meinke "Chemical Procedures
Used in Bombardment Work at Befkeley", UCRL—H322(August_3O, 1949) .
Procedure by: Neumann; Time for sepn: 5 min for separation,
15 min for purifilcation; Yield: ; 85%; Degree §f_Pur;fication:
<0.05% Bl contamination. ) _
_Bi'purified, final step_being precibitation és B10C1

(obtalnable by method listed 1in steps 1-3).
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Procedure 2 (Continued)

10.

Remarks:

Dissolve 1n few drops conc. HND3. Add 10 mg Pb carriler

(preferably Pb(NOs) Add 3 drops conc. HC1. Dilute

o)
to ~ 8 ml.

Add NH, dropwise until permanent precipitate Just forms,

3

and then HNO, dropwise until sclution Jjust clears.

3
At desired time for milking, dilute to 45 ml and heat

in a water bath for a few minutes; Flne crystals of

BiOCl should form. Centrifuge, and retain Bi0Cl for
future milklngs.

To the supernatent add a drop of NH3. If the solutilon
remains clear you have obtalned a good separation.

Add 2-3 ml of Na20r207 solution to cause precilplitation

of PbCroq. Centrifuge, and dlscard supernatent.

Dissolve PbCrOu by addition of 2 ml 4 N HC1l and one drop
30% H202. Heat 1n water bath to destroy excess HEOE'

Add 20 mg lnactlve Bi carrier and repeat B10Cl separation
by above method. Repeat preclpltation of PbCrOu.
Dissolve PbCrO), as in step (6).

Dllute to any desired volume and mount aliquots for
counting. The results are reproduclble and chemical

yield determinatiocns are not necessary. If the latter

are deslred, proceed with step (10).

Add 5 ml conc. HESOM' Evaporate tobfumesyof 503. Result-
ing volume will be 2-3 ml. Cool. Dllute carefully to

~ 40 ml. Cool. Fllter, dry and welgh PbSO), .

Any single precipltation of BlOCl under these conditions

gives a yleld of 98-99% Bi, with 8% of the Pb retained with the Bi.

One Bl scavange of the separated Pb should be sufficient purifica-

tion from the parent.
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Procedure 2 (Continued)

In calculéting the 1lfe of the parent from consecutlve
mllkings of the same Bl solutlon, correctlon shquld be made for
the 8% of the daughter retalned wlth the parent.

Purification of Pb as PbSOh, glves varying ylelds, and
determinatlon of chemilcal yleld by welghing 1s neceasary.

Where the Pb fractions will be further mllked for T1,

stop at step (8).

Procedure No. 3

Separation of lead from polonium parent actlvity.

Procedure B82-3 from W. W. Meilnke "Chemical Procedures
Used in Bombardment Work at Berkeley", UCRL-432 (August 30, 1949).

Procedure by: Karraker; Parent material: mllking
experiment from polonlum parent; Time for sepn.: S_ﬁin; Yleld:
95-100%; Degree of purlfication: factor of 106 from Po wlth two -
washes. )

Po 1s 1n 20% tributyl phosphate in dibutyl ether. To
milk solutlon: .

1. Extrabt with equal volume of 6 N HCl. Pb and Bl go into
water phase. '

2. Wgsh HC1l extract twlce with 1/10 1ts volume of tributyl
Phoephate solvent. Add the first portion to thé Po
solution, then dilscard second portlon.

3. Ada 1/2 mg Bil and 1/2 mg Pb carrier, (ppn made from
~ 4 cc volumes).

4. To separate Bl and Pb, follow the procedure of Neumann
(Procedure No. 2). .

‘5. Thalllum daughters of lead may be separated by oxldatlon

with KMhOu and extraction of T1'3 into ether.
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Procedure No. 4

- Separation 6f Pb

21-o(RaD).from old radon ampules by

dithizone extraction.

From G. Boulssleres and C. Ferradinl, Anal. Chim. Acta

4, 610 (1950).

1.

Remove the radicactlve RaD deposit by washlng the ampules
wlth hot concentrated nitric acid. "If the dissolutlon

of RaD 1s 1lncomplete glve the ampules a short treatment
wlth a nitric acld-hydrofluorlc acld mlxture.

Evaporate the resultant solution untll a light precipil-
tate 18 obtalned and redlssolve by dlluting the solutlon

with a minlmum amount of nltrlec acld. A small amount

- of undlssolved sillca wlll not interfere.

If the solution contalns mercury add a small amount of
potasslum cyanide to complex this specles. .

Neutrallze the solution to pH 9 with ammonium hydroxide
and extract the lead wlth a solutlon of dithlzone in
chloroform (0.1g/4) repeating the extraction until

the chloroform fractlon ceases to'show the character-
lstic red color of lead dithlzonate.

Agitate the dithizone with 0.1 N nitric acid. Remove
the aqueous phase and repeat the extraction combining
the nltric acid washes and dlscarding the chloroform

phase.

Reviewer'g Note:

Thls method will remove the lead from radium, mercury
and other common contamlnants of RaD deposits but will

not provide separation from bismuth (RaE).
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Procedure No. 5

Electrolytic separation of Bi°12(ThC) and Pb212(ThB)
from thorlum nltrate.

From A. D. R. Harrison, A. J. Lindsey and R. Philllips,
Anel. Chim. Acta 13, 459 (1955).

' From an "old sample" of thorium nitrate (one 1n which
the thorium daughters are in equilibrium), 1 gram is welghed ocut
and dissclved 1In 20 to 25 ml 0.5 N hydrochloric acld. The
requisite amount of standard bismuth solutilon (> 0.2 mg) 1s
pipetted 1nto the electrolysils solution whilch 1s heated 1n a
water bath to 80-90°C. Clean platinum electrodes and a calomel
half-cell are inserted and the electroiyzing current and a
mechanical stlrrer are switched on. The current is lncreased
untll a potentlal of 0.25-0.3Q volts relative to the saturated
célomel electrode 18 attalned and the plating is continued fof
25 minutes. N

At the end of the deposltlon time, the cathode with

the deposit of Bi212(

ThC) 1s wilthdrawn while the current was
stl1ll on, washed wilth distilled water and alcohol and driled.

A fresh cathode 18 then introduced into the-elec-
trolysis cell, the current is 1ncreased to about 0.15 amps/ém2
wlith no controlled potentilal belng employed and the electro-
deposition continued for 10-20 minutes. The cathode 1s again

removed with the current left on, rinsed wlth water and alcohol,

drlied, and counted directly.
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Procedure

No, 6

210
)

Rapild separation of carrier-free RaD(Pb from Pt,

Au, Po and Bl by paper chromatqgraphy.

6

Decontamination factor > 10~.

From G. W. Warren and R. W. Flnk, Department of Chemlstry,

Unlversity of Arkansas, Fayetteviile,-Aikansas.

Chemipals:

Grade 320;

Equipment:

n-butyl phosphate, C.P.; acetone, C.P,; Eaton-Dikeman

industrial paper, 0.1l or 0.06 in. thick.

Glass tube with minimum dimensions: diameter,') 2 Inches;

height > 12 inches.

1. The glass tube 1s placed erect in a beaker contalning 80%

acetone-20% n-butyl phosphate and the top sealed with a

cork or rubber stopper fltted with a glass hook to serve

as the paper holder.

2. The tube 1s saturated with the developer vapors by

immerslng a purlfied paper strip'(see Note 1) in the

mixed s8olvent and suspending 1t from the hanger for

20 milnutes prior to introduction of the sample.

3. Although the separation works best carrler-free, carriler

in concentrations not greater than 5 x 10_5 grams per cm

of paper width may be added to the sample.

4, Evaporate the sample to dryness, dissolve the residue

in water and adJust the volume such that one ml of

Solution willl be distrilbuted over a minlmum of 10 cm

wldth of paper.

5. Apply the solutlon evenly across the wldth of the paper

strip (see Note 1) about 3 cm from the end with a

m1Cro-pipet.

6. Suspend the strip from the glass hook so that the end
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Procedure 6 (Continued)

Notes:

Notes:

of the paper 1s Just lmmersed in the developer. Separa-
tions are obtalned after the solvent front has travelled
5-6 inches (10-15 minutes).

Remove the paper gtrip and identify the varlous zones.
The normal R values (the ratio of the distance travelled
by a component to the dilstance travelled.by the solvent

M 0.80;

front are: AuS’ = 1.0; Hg2t = 0.90; Po
Pt(IV) = 0.5; T13* = 0.05; B13* = 0.60; Pb2t = 0.00.
The deslred zones are clipped from the strip and the
catlons extracted by boiling wlth aqua regia or extracted

with an organic solvent for subsequent mounting and

counting.

1- The Eaton-Dikeman Grade 320 Industrlal Paper was
purlfied by downward percolation with 1 N hydro-
chlorlc acld and rinsed by downward percolsation with
water. |

2- In order to 1nsure reaay ldentiflcation of the com-
ponents (except Po) whose concentrations are very low
(or carrier-free) a simultaneous calibration run with
an inactlve mixture of the same components may be made
on an unused portion of the same paper. An alternative
method 1s to spot each component separately uslng KI
as a streak reagent. in the callbration run, concen-
trations ére high enough to permlt detectilion with
stréak reagents. The radiocactive zoﬁes.will be 1In the
same relatlve positlons as the lnert zones.

3- Each zone may be ldentifled by streaking with.the
following three.reagents:' (a) 10% KI; (b) 1% solu-
tion of diphenyl carbazide in aleohol; (c) 0.05%

golution of benzldine in 10% acetlc acid.
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Procedure 6 (Continued)

Remarks:

This technique.affords a.simple and fast separation
method with exceptlionally high mutual decontamination factors.
The time for separétion 1s less than 15 minutes.. Improper paper
purlfication, 1lmpure reagents, or excess carrler concentration

may cause poor separatlons.

Procedure No. 7

Separation of carrier-free RaD(PleO)

from mlcro amounts
of Po and Bl and macro amounts of Hg and Au using cellulose column
chromatography.

From R. W. Fink, G. W. Warren, R. R. Edwards and
R. E. Damon, Phys. Rev. 103, 651 (1956).

Materlal;old radion seeds in the form of gold needles

contalnling appreclable amounts of mercury.

1. In a column 17 mm in diameter and 80 cm long, slurry
Whatman No. 1 ashless cellulose powder wlth the eluent
to be used (n—butanol gaturated with 3.5 hydrochlorilec
acid) and pour onto the column.

2. Flow eluent through the column overnight to pack the
cellulose powder to a depth of ~ 40 cm. .

3. Make the RaDEF solutlon contalning gold and mercury 3 N |
1in hydrochloric acid add n-butancl saturated with 3 N
hydrochloric acid, a small amount of the cellulose
powder and mlx thoroughly.

4, Pour the slurry on top of the previously prepared cel-
lulose column. '

5, After the loading solutlon has passed Into the column and

the slurried powder has settled, put n-butanol saturated
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Procedure 7 (Continued)

wlth 3 N hydrochlorlic acld on top of the column. The
first two additlons should be in small amount (~ 5 ml).
6. Collect the fraétiona. @Gold, mercury and polonium
(RaF) come off quantitatively In a narrow band after
one column voluﬁe of eluant 1s passed through the
column. Carrier-free bismuth (RaE) comes off about two
column volumes later. One or two column volumes later

carrier-free lead (RaD) 1s eluted.

Notet Entire procedure requires about 90 minutes. If macro-
quantitles of gold and mercury are absent the faster method

of Warren and Fink (Procedure No. 6) can be used.

Procedure No. B

Anilon column separatlon of carrler-free szlo(RaD),

B1210( 210(

ReE) and Po RaF) .

Adapted from B. A. Raby énd E. K. Hyde, U.S. Atomilc
Energy Commisslon Declassifled Document AECD-3524 (1952); also
Universlty of Californla Radlatlon Laboratory Report UCRL-2069

(1952).

1. In a 3mm diameter glass tube constricted at the bottom
" and contalning a glass-wool plug, add a slurry of Dowex-A-1

aﬁion exchange resiln (50—100 mesh) to a final resin depth
of 20 mm. Convert resin to chloride form by passing con-
centrated hydrochlorle acld through the resin;fhen wash
the resin with 1-2 M hydrochloric acid.

2. Put tracer Pb, Bl, Po onto the columnin2ml of 1.M hydro-
chloric aclid. Pass 3 ml of 1 M hydrochloric acld in 1 ml

portions. Collectlloading and wash eluants slnce thils
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Procedure 8 (Continued)

contains the lead which 18 not adsorbed by the resin at
this concentratlon.

3. Pass 4 ml concentrated hydrochloric acid through the
column in 2 ml portlons to remove the blsmuth.

4. The polonium can then be removed with U ml concentrated

nltrlc acld.

Notesy.l- .The decontamlnation factors for thls procedure are very
good but may vary from one resln batch to another.
2- The separations can be effected 1n 10-15 minutes and

the products are obtained in carrler-free form.

Procedure No. 9

Preparatilon and isolation of carriler-free Pb203 from
thalllum.

From H. R. Haymond, W. M. Gafrison and J. G. Hamllton,
"Carrier-Free Radlolsotopes from Cyclotron Targets XXII. Prepara-
tlon and Isolatlon of Pb203 from Thallium", Unilversity of Californila
Radiation Laboratory Report UCRL-1421 (July 18, 1951).

The 52-hour Pb203 was produced by the reaction T1203

(d,2n) Pp03,

The target conslated of a 2 mm lsyer of ’I"1203 powder
held on a grooved water-cooled copper plate by a 0.25 mil platinum
foll and was bombarded with 19 Mev deuterons. The beam current
was llmited to 5 ua to avold volatllizatlon of the farget powder

durlng bombardment.

1. Dissolve the leo3 target. powder in 1 N NHO3.
2. Saturate solutlon with 302 gas .to reduce the Tl to Tl+1

and heat solutlon to expel excess 802;
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Procedure 9 (Continued)

3. Add 10 mg of Fe™ ' carrier and make the solution basic
wlth NHAOH. Centrifuge Fe(OH)3 pfecipitate and discard '
supernatent solutlon,

4., Wash the Fe(OH)3 precipltate twice in dilute NH,OH
solution with stirring, centrlfuge and dilscard; wash
solution each time. Dissolvé preclpltate 1n 1 N HN03.

5. Add 5 mg of Tl+3 carrier and repeat steps 2-4,

Repeat steps 2-4 once more wilthout addition of thalllum
carrier and dissolve the final.Fe(OH)3 precipltate 1n
6 N HC1 instead of 1 N HNO,.

7. Remove the ilron by fbur extractibns-with equal volumes
of ethyl ether. The flnal aqueous solutlon contains the
carrler-free lead-203 whilch can then be put 1ln the proper

form for blological, chemlcal or physlcal tracer experi-

ments.

Remarks: The 68 minute PbQOA

which results from deuteron bombard-
ment of T1 was allowed to decay out prlor to the separatilon.

.The decay curve, over four half-lives, and the absorp-
tion curves 1lndlcated only the presence of lead-203 in thé finél

‘product.

Procedure No. 10

Separation-of lead from thalllum cyclotron tafgets.
Procéduré 82-1 from W. Meinke "Chemical Procedures
Used in Bombardment Work at Befkeley", UCRL;432 (August 30, 1949).
Procedure by: Karraker; Target Materlal: thalllum;
Type of bbdt: 60-80 Mev bt or H*; Time for sepn.:~ 1 hour; Yield:
~ §95%; Degree of purlfication: good, at least factor of 100;

Advantages: one step 1s usually suffilclent purifilcatlon..
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Prccedure 10 (Continued)

1. Dissclve Tl target in 6 M HESOA’ the smallest amount
posslble. Add 5 mg Fb carrler, also 5 mg Hg carrler as
hold-back.

2. Evaporate solutlion over a hot plate, wilth alr-Jet blowilng
on the top of the solutlon, ti1l1l1 fumes of 802 appear and
the solution is qulte concentrated.

3. Dllute carefully with 2 volumes of H.O. PbSOM, whlte

2

ppt, appears. Wash ppt. with 2 M stou, then with HEO'
If deslred, thils may be dissolved i1n NHuAc and repptd
as PbCrOu. However, 1t 1is usually sufflclently pure

without further steps.

Remarks: Add conc. H2S504 to water, not water to acid!!

Procedure No. 11

Separation of lead from mixed filsslon products.

Author unknown. This ﬁrocedure has been.used for
separation of low-level lead aétivity from high.levél mixed
fission product sources (~ 5 day old samples of up to 1015
fissions) wlth negllglble contamilnatilon of the lead fractilon.
The time required is about 4 hours, the chemical yleld 1s 40-60

per cent.

1. To 20 mg. of lead carrier 1n a 40 ml centrifuge cone,
add the solutlon contalning the lead activity. If
barium carrier ls not present, add ~ 10 mg barium
scavange. Boll the solution to dryness twlce with
hydrochlorlc acld. .

2. Dilute to-10 ml with water (note a), precipitate PbS

by saturating wilth HZS gas, centrifuge and wash the
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Procedure 11 (Continued)

précipitate with water. Dilissolve the PbS 1in one ml

concentrated hydrochloric acld wlth heating, add one
ml concentrated HESOM’ stir and dilute to 10 ml with
water. Centrifuge PbSOu and wash with 5 ml watexr.

3. Dissolve the PbSOu'ppt. in 4 ml 6 N NH,Ac, add 20 mg
Ba scavange with stirring and two drops of concentrated
ﬁzsou with stirring. Centrifuge the Basou precipitatg
at high speed. Wash the precipitate with 10 ml of 6 N
NHMAc.

4, Dilute the combined supernate and wash solutions to 20 ml.
wlth water, neutralize to methyl red end polnt with
NHMOH and saturate with HZS' Centrifuge the PbS and
wash wlth 10 ml H20.

5. Dlssolve the PbS precipltate 1n 2 ml of concentrated
nitric acld and boill until Pb(NO3) beglns to settle out.
Add 15 ml fuming HNO, and cool in an ice bath for
20 minutes. Centrifuge, dlssolve the Pb(N03)2 in
1-2 ml of water and repeat fumlng nitric step.

6. Dissolve the Pb(N03)2 in 1-2 ml water and add 10 mg
Fe+++ scavange. Pour thils 1nto a tube contalning 5 ml
6 N NaOH, with stirring. Heat solutlon to boilling and
digest sgveral minutes. Centrifuge Fe(OH)3, _

7. Neutralize the supernate to methyl red charge with HC1
and NHHOH (a white ppt resulte on sllghtly basilc side),
add one m1 6 N HAc (ppt dissolves) and 2 ml 6 N
NHuAc. Place solution 1n a hot bath and add 2 ml
3N NaECrou solution." Dlgest for 10 minutes in a hot
water bath. .

8. Centrifuge the PbCrOA preclpltate and wash with 10 ml
water, Dlssolve the lead chromate in 2 ml concentrated

nitric acid and boil until Pb(NO3)2 salts out.
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Procedure 11 (Continued)

9. Dllute to 2-3 ml with water, add 1 ml concentrated
sulfuric aclid and boll until SO3-fumes are glven off
(note b). Add 10 ml water énd heat the solution for a
few minhtes, stirring thoroughly. Ceﬁtrifuge the PbSOu
and wash with 10 ml of a 1:1 EtOH—HQO mixture. The
time of preéipitation of_PbSOu 1a the filnal separatiqn
from bismuth.

10. Filter the Pbsou onto a previously tared Whatman No. 42
fllter paper disc. Wash the Pbsou_with two 5'ml portlons
of ethanol. Dry the filter paper 1n an oven for ten
minutes and welgh to a constant welght (gravimetric
factor 0;68325).

Rgviewer's Notes:

a- The HCl concentration should be less than_O.S N in

6rder to get complete precipitatibn of the lead sulfide.

b- Do not fume excesaiVeiy bedause this produces anhydrous

Cr2(804)3 which 13 insoluble in water.

Procedure No, 12

Separation of lead from milxed fission products;

From M. Llihdner "Radiochemical Procedures in Use at
the Unlverslty of California Redlatlon Laboratory (Livermore)",
UCRL-4377‘(August 10, 1954).

10

Procedure by: R. N. Osborne; Purifilcatlon: 10 atoms

of Pp03

1sclated from a 7 day old fisslon mlxture contalning
lO15 fisslons showed no evidence of foreign radloactivity over
8ix half-llves; Yleld: about 50 per cent; Separation time: app.

four hours.
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Procedure 12 (Continued)

- with H0, saturate with H

To'the actlve solution add a lead carrler solution

-contalning lO_mg'Pb. Add 2 ml conc. H2504 and boll to

fumee of HQSOA. (Note:* If this initial isolation step

-18 not applicable, an alternatlve’ procedure mlight involve

thé preclpltation of lead sulfide from an emmoniacal

‘tartarate solution.) Cool, cautlously add water, stir,

centrifuge, and wash the PbSOn with 1 N HESOA‘
Dissolve the PbSO, in ~ 2 ml 6 N NHjAc. Dilute to 10 ml

25 and centrifuge the PbS.

Dissolve -the PbS 1n ~ 5 ml conc. HC1 and pass 8olutilon

through sn anion column (Dowex 1 x 8, 50-100 mesh) that
has been washed.with conc. HC1l. Wash through column
wlth ~ 6 ml conc. HCl. Combine eluate with wash and
boil to near- dryness

Add ~ 10 ml 2 N HCl and ~ 2 mg each of the following

_carriers Cu, Bi, Pd Ag and Te. Saturate with H_S

2
and centrifuge Discard precipitate

Boll the supernatant to expel the H S and add ~ 2 mg Fe
and La carriers. Add NaCH untll the solution 1s basiec.
Centrifuge and discard precilpltate.

Add ~ 1 ml conc. HESOM and ~ 2 mg Ba and Sr to the .

supernatant, -and' boll to fumes of HESOA}' Cool and dilute

S0 w10 ml wilth water. . Centrifuge and discard super-

‘"natant.

Wash the preclpilitate with 5 ml water. Leach the Pb’

:from the comblned sulfatés with 2 ml portiens 6 N

NHjAc' (heat). Centrifuge and discard remalning precipi-

tate. - -

‘Add =10 ml water to the solutlon and- saturate with:

HZS' Centrifuge and discard supernatant.

Dissolve the preclpltate 1n conc. HCl, boll to near-
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Procedure

10.

12 (Continued)

dryness and add ~ 10 ml 2 N HC1l and ~ 2 mg of the
followlng carriera: Cu, Bi, Pd, Ag and Te. Saturate
wlth H2S,.centr1fgge-and discard breclpltate.

Boll the supernatant to expel the_HQS and add 4 2 mg

Fe and La carrlers and ~ 0.5 gram of NH401. Make

i1.
12.

13,

14,

i5.

Procedure

basié with NHMOH. Centrifuge and discard precilpltate.
Saturate the supernate with H25. Centrifuge and dis-
card supernatant.

Dissolve the precipltate in ~ 1 ml conec. HN03, add

~ 10 ml1 fuming HNO3, and chil; 1n an 1lce bath.
Dissolve the pfebipifate in m.2 ml water; Add ~ 1 ml
conc._HéSOu. Boll to fumes of HQSOA, cool and add

~ 16 ml water and 5 ml ﬁtoﬁ.

Wash the precipitate.once with ~.5 ml water, once with
a mixture of ~ 5 ml water and ~ 5 ml EtOH and twice
wilth ~ 5 mi portlone of EtCH.

Slurry the precipltate onto an alumlnum plate and dry

under a heat lamp. Welgh as PbSOu;

No. 13

poténtial

Separation of lead from complex mixtures by controlled
électrolysis.

From: I. J. Lingane'and 5. s. Jdnes, Anal. Chem.

- 1789 (1951).

Depositiona are performed onto a clean platinum cathode

from a 0.25 M tartarate solutlon of pH 5.8-6.0 containing 1 gm

hydrazine

hYdrochloridé per 100 ml. The cathode can be changed

between depositions. The depositions can be sequentially per-

formed at

the following voltages: Cu, -0.30 v; Bi, -0.40 v;
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Procedure 13 (Continued)

Pb, 0.60 v. If only lead separation 1s required a prior deposi-

tlon at -0.40 volts should be carried out.

Reviewers Note: A small amount of lead and blsmuth carrier must .
be present. The amount of lead carrler should be i1n the range
0.05-5 mg. The plating 1s contlnued at each step until the

current falls to a low and constant value.

Procedure No. 14

Separation of 1éad frdm heufron-écfimated samples of
stony meteoriteﬁ. o . | .

from: G. W. Reed, K. Kigdshi And A. Tufkevich,
Proceedings of the 2nd U.N. Conference on Peaceful Uses of Atomic

Energy 28, 486 (1958).

A. Preliminary treatment and irradiation
One: to two gram samples of the meteorlite were placed
in quartz vials and lrradlated in a reactor for two to three days

13 2 =1

in a neutron flux of 5 x 10 neutrons em - sec .

B. Separatlon procedure

After irfadiation, the meteorite samples wer¢ pPlaced
in nickel cruclbles containing 2 mg 1qad carrier and about lb grams
of sodium peroxlde was added. The miiture was ﬁhén fﬁsed._ The
fused maés”(after cooling) was broken_up wlth water and removed
from tﬁe.cfudible. hThe mixtufe was thén acldifled and a clear
solution was obtaingd. After making the éqlution 0.5 M in
hydrochloric”acid, ébo mg of strontium.was“added and iead and

strontium sulfates were precipltated with ammonium aulfate.

The lead was decdntaminated by converting the sulfate-

to carbonate, dlssolving in hydroc¢hloric acld, and then repeating
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Procedure 14. (Continued)

cycles of acid sulfide preclpitations, sulfate precipltatlons
and dithizone extractions. The lead was flnally electrodeposlted
on & platinum disc. The chemlcal recovery of lead was about

50 per cent.

Radloactive measurement

' The 1rradlated samples showed'about one curle of-
radlation slx nours after removal from the pile. The amount
of lead activity in the separated sample was usually 1n the
range 10-100 disintegrations per minute. Tne radioactivity.was
measured with thin end window atomospheric pressure porpertional
countérs operating with pure methane at about 4050 volts.. The
counting efflclency wae close to 50 per.cent for_Pb209 but

203

only 5-10% for Pb which decays by K-electron capture.

Procedure No. 15

Separation'of'lead in carrler-free form from organic
materials.

From a report prepared by the MetallrchmpuritieS'in
Organlc Matter Sub-Committee of the Analytlcal Methods Commlttee

on the Determinetion of Lead. Reported in Analyst 84, 127 (1959).

Principle of method- |

After removal ef interfering substances, lead 18
extracted with dithizone at pH 9 to 9.,5. .

For the preliminary separation of lead, two methods are -
given. In Method A, lead 18 extracted with dithizone from an
alkaline citrate and hexametaphosphate solution.

Method B requires additional manipulation and ‘should

be used only when Method A will not suffice, 1. e.: for samples
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Procedure 15 (Continued)

with a.highzcontentuof calclum, magnesium and phosphate.-

If blsmuth Interference ls 1ndlcated; the modifiled pro-
cedure gilven under "Interference of Bilsmuth' should be used.

If carrler-free samples are requlired,then speclal-care
must be taken with purilty of reagents and lead-free borosllicate

glass or slllica should be used throughout.

Reagents; (If method B or'the speclal bismuth separafion 18 not
- needed oniy those marked wilth én astérisk ﬁre needed.)
Hydrochloric Aéid, concentrated -
Hydrobhioric Acid, 5 X
Nitric Acld*, dllute (1:100)
Sulfurilc Acild, dilﬁted 1{1
Percﬁlorié Acid, sp; gr. 1.54
Ammonlum hydroxlde*,
Ammonium cltrate solution* 25% w/v in water
Sodium hexametaphosphate solution*, 10% W/V.in water
Sodilum lodide Bolution, 20% w/v 1n water _

Sodium metabisulfite solution, 1.25% w/v 1n water. Prepare
this solution freshly aﬁ requlred, and filter before use.
Potassium cyanide solution* 10% w/v 1n water. This solutlon
should be at leaét 2 days 0ld, so.that traces of sulflde are

oxldized. -

Hydroxylamine hydrochloride solution*, 20% w/v 1n water
Chloroform*, shake 250 ml of chloroform with 25 ml of water
containing 1 ml of 10% KI soln and about 20 drops of 5 M

NHMOH, separate and reject the aqueéus layer, wash the
chloToform with water and filter.’ ' '
Dithizohe, stock solution*, O}l% dithizone in chloroform
Dithizone, wofking soldtion*, shake 6 ml of dithizone stbck
solution with 9 ml of water and 1 ml 5 M NHMOHi Separate

and reject lower layer. Prepare on day of use..
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Procedure 15 (Continued) -

Diethylammpnium dlethyldithlocarbamate solutlon, 1 per cent
(carbamate reagent). Dissolve 1 g of pure crystalline
reagent 1n 160 ﬁl.ﬁf redistlilled chloroform.and.store in
dark bottle.'_ihis solutlion should be diécarded after 1 week.

Methyl red indleator solution,.o.ol pef ceét. "Warm 25 mg
me thyl red:ﬁ;th 0;95 ml 0.05 M NaOH aﬁd 5 ml of 90% ethanol.
When_dissolution is complete add SQS_eﬁHanqlltp 25Q ml.
Thymoi biue indicator solution*,=0;94%. Warm 0.1 g of thymol
blue with 4.3 ml 0.05 M NaOH and 5 ml.9¢$_éthanoi; Add 20%

:ethanol to 250 m;. .

Proceduré-
A. Destruction of'organic.matter"

- Destroy  the organlc ‘matter 1n a measuréd amount of sample
by a sultable procedure, such as:

1.. Dry ashlhg at temperature not exceeding’SOO“C."

+- 2. 0xldatlion with nitric and perchloric aclds.
‘3. Oxildation wilth nitrieé and‘sulfuric acldas (to’bé ‘avoided
if large amounts -of calcium are present or suspected).
B. Préliminary treatment of sample _
1. If the organic matter has been destroyed by wet decom-
.position,’allow the flask to ‘cool and add 5 ml water.
Filter the solution and washings 1nto a- 100 ml-conical
flask. ‘Treat any restdue with boiling 5 M hydrdchloric
- acld and fllter into same flask.

2. If tﬁe organic matter has been destroyed By dry ashing
add 5 ml water and 10 ml 5 M HC1l to the ashing.dish and
boll gently for 5 mlnutes, fillter supernatent “liquid
and washings into 100 ml conical flask.

C. Separatlon of lead. . Method A (for samples low in Ca, Mg and
phosphiate) . '

1. Cool the soln, add 5 ml of ammonium citrate solution and
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Procedure 15 (Continued)

10 ml sodium hexametaphosphate soln.

Add a few drops of thymol blue indlcator and NHAOH to
glve blue-green color indicating pH 9.0-9.5.

Cool, add 1 ml potaséium cyanlde soiution, 1 ml hydrox-
ylamline hydrochlorlde solution and tranafer to a 100 ml
seberatory funnel contalnlng 10 ml of chldroform, ﬁinse
with a few ml water. The volume of the aqueous layer
should be about 50 ml.

Add 0.5 ml of dithizone working solutlon, shake for one
minute and éllow to separate. If the lower layer 1s red,
add dilthlzone worklihg solutlion until, after shaking, a

purple, green or blue color 18 obtalned.

Run the chloroform layer into a second seperatory funnel,

and wash through with 1 or 2 ml of chloroform.

- Add to the liquid in the first seperatory funnel 3 ml

of chloroform and 0.2 ml of dilthlzone worklng solutlon.
Shake for 30 seconds and add chloroform layer to first
chloroform extract. Continue extractlons untll the

chloroform extract 1s green. Relect the agueous layer.

‘Shake .2-10 ml portions'S.ﬂ hydrochloric acld to which

'l ml ammonilum cltrate and 2 ml sodium hexametaphosphate

solutions have been added and the pH adjusted to 9-39.5
followed by additlon of a few drops of potasslium cyamide
solutlion wilth the chloroform extract, rejecting the
aquebus layer as completely as possible each time (step
added by reviewer).

Add 10 ml of dilute nitric acld to the chloroform
extract. Shake vigorously for 1 minute and reject

the chloroform layer as'completely as possible. Add

5 ml chloroform to the aqueous solution, shake and

agaln reject the chloroform layer.
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Procedure 15 (Continued)

s.

. Carrler-free lead is now In the nitric. acid solutlon

" and can be mounted and counted as desilred.

D. Separation of lead, Method B{for samples tontaining large

amounts of Ca, Mg and phosphates)

1,

8.

To - the solution obtalned by one of the méethods described

under- B "Preliminary treatment of sample" add 2 drops of

. -methyl red indlcator and make -Just alkaline with NHMOH.

Make the solution Just acid with 5 M hydrochlorilc acild
and add a further. 10 ml. Warm the solutlon to 50-70°,
add 2'ml sodium iodide solution and reduce any liberated

lodine with 2 ml of sodium metablsulfite solution.

Cool the eolution, transfer to a seperatory funnel and

adjust the volume to 50-75 ml (in order to makeé the acid

‘concentrations ~ 1 M).

Add 10 ml of carbamate-réagent'dnd-shake*for 30 seconds.
Transfer the chloroform layer to a 100 ml flask. Wash
the aqueous layer twice with small amounts of chléroform
without shaking and add washings to-tﬁe flask.

Hépeat the extraction with 10 ml of carbamate reagent,

add to first extract. ReJject aqueous layer.

. " To the combined extrac¢ts add 2.0 ml of diluted sulfuric

acld, and evaporate the chloroform. - Add 0.5 ml of
perchloric acld and heat until'fumgs are evolved and
solution 1s clear and colorless. .

Cool, add 10 ml of water and 5 ml of 5 M hydrochloric
acld. Boll for 1 minute, cool and add 2 ml of ammonlum
cltrate solutlon.

Continue as 1n Method A beginning at step 2.

E. Separatlon from blsmuth (unnecessary unless presence_of

bilsmuth 18 known or suspected).

1.

Prepare the digest from the wet decomposition or the dry
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Procedure 15 (Continued)

ashling as 1n B. Place solutlon 1nto a 50 ml graduated
aeperatofy funnel and adJust such that final volume 18
~ 35 ml with s total acld concentration of 6 N of which
at least 3 N 1s hydrochloric acild. 'For example the
concentratlon can be 3 N hydrochloric and 3.5 sulfurilc
acid (ae from wet digestion using sulfuric acld) or 6 N
hydrochloric acild (as ffom.dfy ashlng followed by
hydrochloric acid leach).

Extract the acld solution directly in the cold, first

~wlth 10 ml and then with 5 ml of carbamate reagent

shaking for 30 seconds each time. Separate and discard
the lower (chloroform) layer. Finally shake the acld
wlith 5 ml of chloroform and diecard the chléroform.
Transfer the acld layer to a 100 ml qonical flask and

proceed as 1n Method A or Method B abové.

Reviewers Note: This procedure wase not specilfilcally develqped

for separation of radlolsotcpes of lead but should be directly

applicable 1n almost all respects. It demonstrates procedures

used wlth organlc substances and aleo shows the use of dithlzone

extracfion Separation which 1s applicable also to 1norgahic

materisls.
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